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This study was intended to establish a nomogram for amniotic fluid index 
(AFI) for the local Chinese population and compare published data on the Caucasian 
and to see if there is any difference, in case different cut-off points of 
oligohydramnios and polyhydramnios should be applied to the Chinese population. 
Also to determine if there was any relationship between gender, EFW, parity, fetal 
urinary tract function and AFI. 
Method: 
Data was obtained from 414 normal singleton Chinese pregnancies at 36-37 
weeks gestational age, using the ATL HDI 3000 ultrasound machine with color 
capabilities in the Prince of Wales Hospital, Shatin, Hong Kong. AFI, BV, AP 
diameter of the renal pelvis, PI of the umbilical artery, HI, EFW, birth weight, 
parity, gravidity and gender were all recorded. 
Results: 
The overall mean AFI in this population was 15.2 ± 52 cm. This was larger 
than that reported for the Caucasian population. Males have an AFI of 15.38 ± 5.37 
cm, females an AFI of 15.02 ± 5.04 cm. There was no statistical significant 
difference in overall AFI measurement between them, but when the AFI results were 
segmented, males showed a slight increase over females at the upper and lower ends 
of the distribution. 
viii 
There was a weak relationship (R^ = 0.005) between EFW and AFI but a very 
clear relationship between gravidity, parity and AFI. AFI was larger in subsequent 
gravidity (p= 0.008，< 0.05) and parity (p = 0.002, < 0.05). 
Females (17.22 cm) have a bigger BV than males (13.93 cm) (p = 0.0001) 
but females (2.46 ± 0.87 cm) have a smaller AP diameter of renal pelvis than males 
(2.69 土 0.93 cm) (p = 0.006, < 0.05). No relationship could be established between 
these findings and AFI. 
Discussion: 
The mean birth weight of Chinese babies is smaller than that of Caucasians 
but the incidence of low birth weight (LBW) is lower. This may be related to the 
larger AFI in the Chinese indicating a generally better level of fetal health in the 
Chinese. Since gender, race, gravidity and parity show effect on the AFI, the cut-off 
points of oligohydramnios and polyhydramnios, as detectors of certain diseases of 
pregnancy, should be adjusted for different race, gender and gravidity or parity, and 
the preponderance of those diseases. There was a weak relationship between AFI 
and EFW. Calculations based on published data suggest that 1 kg of EFW represent 
102 ml of AFV at 36-37 weeks GA. Therefore the larger EFW, the larger the AFI. 
Finally, this study revealed interesting difference in bladder volume and renal pelvic 
volume in the fetuses, hitherto undescribed, which required further elucidation. 
ix 
Conclusions: 
The normal range for AFI for Hong Kong Chinese was established. This 
population showed a greater AFI than in comparable Caucasian data. 
Original observations were made regarding: 
Small differences in AFI between the sexes. 
A weak relationship with estimated fetal weight. 
A strong relationship to parity. 
These indicated that cut-off points for oligohydramnios and polyhydramnios 
need to be reviewed. 
A further serendipitous original observation was made on the fetal urinary 
tract where it appears that male and female urinary physiology may not be identical. 
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Chapter 1 INTRODUCTION 
1.1 Embryology 
1.1.1 Embryology of amniotic cavity 
After fertilization, a zygote is formed. The zygote undergoes a series of 
cell divisions resulting in a mass of cells termed the blastocyst. 
“ The blastocyst consists of an inner cell mass which eventually gives rise to 
the embryo and an outer layer of cells, the trophoblast (Fig. lA). The trophoblastic 
cells invade the epithelium and underlying endometrial stroma. As more trophoblast 
contacts the endometrium, it proliferates and differentiates into two layers (1) the 
cytotrophoblast and the syncytiotrophoblast. During this trophoblastic development, 
small spaces appear between the inner cell mass and the invading trophoblast. By 
day eight these spaces have coalesced to form a slit-like amniotic cavity. As the 
amniotic cavity enlarges, it acquires a thin epithelial roof, the amnion, probably from 
the cytotrophoblastic cells. The embryonic disc forms the floor of the amniotic 
cavity and is continuous peripherally with the amnion (Fig. lB). As the amniotic 
sac enlarges, it gradually obliterates the chorionic cavity and sheathes the umbilical 
cord, forming its epithelial covering (Fig. lC). The epithelial cells of the amnion 
posses microvilli which may play a role in fluid transfer" (Moore KL 1977). 
From the seventh menstrual week, the amniotic membrane and the 
amniotic cavity can be demonstrated with ultrasound. The amniotic cavity and its 
fluid we easily seen throughout pregnancy. 
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Fig. 1 Formation of amniotic cavity. 
(Modified from Moore KL 1977. The Developing Human.) 
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1.1.2 Embryology of kidney and bladder 
(A) Kidney 
Three successive sets of excretory organs develop in human embryo: the 
pronephros, the mesonephros and metanephros. 
The pronephros and mesonephros are transitional structures only. The 
kidney develops early in the fifth week from two different sources: the ureteric bud 
and the metanephros: a specialized mass of mesoderm (Fig. 2). 
'^i^-jC^-A--^ femnant oF 
V ^ f ^ ^ " ^ M W — $ 
x _ ^ _ _ ^ ^ ^ _ ^ ) t l : _ " e p — 
d eveio p in g"7^ _^ 11 h- nephroganic : ^ ^ -
i """^-T^3^ majonephric duct , ^ / ^ matanephrtc metanephric moss diver^ tcy|um or of intermediate ureteric bud me$ciderm 
~ " ‘ ^ primordiufln of metanephroa 
Fig. 2 Formation of kidneys. 
(From Moore KL 1977. The Developing Human.) 
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The ureteric bud begins as a dorsal bud from the mesonephric duct near its 
entry into the cloaca. It gives rise to the ureter, the renal pelvis, the calyces and the 
collecting tubules. As this bud extends dorsocranially，it grows into the metanephric 
mass of mesoderm, which forms a cap over the ureteric bud. Near the blind end of 
each collecting tubule, clusters of mesenchymal cells develop into metanephric 
tubules. The renal corpuscle (glomerulus and Bowman's capsule) and its associated 
tubules form a nephron. 
The pelvis of the ureter (renal pelvis) can be consistently demonstrated, in 
the second and third trimester, by sonography. 
The metanephros or definite kidney starts to function at about eight to ten 
weeks although formation of new nephrons continues until birth. Therefore urine 
formation begins early and continues actively throughout fetal life. No nephrons 
develop after birth but the existing ones complete their differentiation during infancy 
and continue to hypertrophy until adulthood (Moore KL 1977). 
(B) Urinary bladder 
The bladder is formed from the cloaca by the development of a coronally 
arranged septum (urorectal septum) which splits the cloaca into two parts, dorsally 
the rectum and ventrally a urogenital sinus from which the bladder is formed (Fig. 
3). Superiorly the urogenital sinus continues as a projection into the umbilicus 
called the allantois. 
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As the bladder enlarges, the caudal portions of the mesonephric ducts are 
incorporated into its dorsal wall and finally absorbed, so that the ureters come to 
open separately into the urinary bladder. As the bladder forms, the allantois 
involutes to form a thick tube, the urachus. After birth the urachus becomes a 
fibrous cord, the median umbilical ligament (Moore KL 1977). 
The bladder is clearly demonstrable in the fetus by sonography in the second 
and third trimester. 
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Fig. 3 Formation of urinary bladder. 
(From Moore KL 1977. The Developing Human.) 
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Chapter 2 Background: What is already known 
about amniotic fluid volume 
2.1 Normal physiology 
The amniotic fluid composes of more than 98% water. The remainder 
consists of small quantities of inorganic salts and organic materials. 
The major salts in amniotic fluid are sodium, chloride, potassium, urea, 
bicarbonate, lactate, protein, carbohydrates, fats, enzymes, hormones and pigments. 
There is also cellular debris sloughed from the surface of the fetus, including 
sebaceous material from the sweat glands, epithelial cells from its skin and fetal hair 
(lanugo) (Greenhill JP et al 1974). 
In early pregnancy, the sodium and chloride concentrations of the amniotic 
fluid are similar to fetal or matemal plasma. But as fetal urine production increases, 
the amniotic sodium and chloride ion concentrations decrease relative to fetal plasma 
concentrations. High molecular weight substances eg. protein do not easily pass 
through the amniotic membrane. Therefore proteins are significantly lower than in 
matemal serum. Also the creatinine level in amniotic cavity is lower than matemal 
serum due both to immature embryonic renal function and amniotic membrane 
impermeability to creatinine. 
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Therefore early in gestation, the amniotic fluid is isotonic with fetal and 
maternal blood and most likely represents a transudate from the trophoblast, the 
fetus or the matemal plasma. 
In the second trimester, once the fetal skin is keratinized at 23-25 weeks GA, 
the movement of water across the skin is greatly reduced. Meanwhile the urine 
excreted from the fetal kidney becomes more hypotonic than earlier in gestation, and 
the amniotic fluid becomes hypotonic (255-260 mOsniy^g of water near term) 
relative to blood (296 mOsmA:g of water). With continued maturation of the 
kidneys, fetal urine becomes progressively more dilute and the osmolality likewise 
decreases throughout gestation until delivery. The pH of the amniotic fluid is 7.22 
early in pregnancy and falls to 7.11 at term (Kaiser IH 1982, Gilbert WM et al 
1993). 
2.1.1 The origin of amniotic fluid: where does it come from? 
1.1.1.1 Membranes 
It is believed that in the first trimester when fetal urine production and 
swallowing are not yet well developed, the amnion secretes the amniotic fluid 
(Moore KL 1977，Greenhill JP et al 1974, Gilbert WM et al 1993). 
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The amnion and chorion are permeable to water and sodium. Therefore, it 
can allow them to filter from matemal fluid to the amniotic cavity (Greenhill JP et al 
1974). 
2.1.1.2 Fetal lung 
From the seventh week of GA, the trachea is open to the posterior pharynx 
(Moore KL 1977) and the fetus undergoes so called '^reathing movements". The 
contractions of the diaphragm are associated with bidirectional movements of fluid 
through the trachea (Patrick J et al 1980)，so that fetal lung fluid may be expelled 
into the amniotic cavity or amniotic fluid aspirated into the lung. The fate of this 
fluid is controversial. Seeds (Seeds AE 1980) suggested that fluid was absorbed by 
the lung so that there was an effective loss of amniotic fluid by a steady rate in and 
out of 600-800 ml/day. Gilbert (Gilbert WM et al 1993) disagreed and instead 
suggested that the lung actually contributed 300-400 ml/day to the amniotic fluid. 
This problem is not yet resolved. Therefore it is equivocal and has been left out of 
the overall summary illustrated in Fig. 7. 
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2.1.1.3 Fetal urine 
As the GA increases to 40 weeks, the urine output increases also (Otterlo 
LCV et al 1977, Rabinowitz R et al 1989). Fetal urine is the major source of fluid in 
the amniotic cavity. Otterlo (Otterlo LCV et al 1977) found the fetal urinary output 
to be 616.8 ml/day at 40 weeks GA and decreased afterwards. 
2.1.1.3.1 How is fetal urine production and flow measured? 
The fetal urine production was calculated in term of the hourly fetal urine 
production rate (HFUPR). The HFUPR is calculated by measuring the increased in 
fetal urinary bladder volumes over a period of one hour (Campbell S et al 1973). 
In humans, urine production starts at about eight to ten weeks gestational age 
(GA) and increases as the GA increases. At 39-40 weeks GA, the urine production 
decreases (Fig. 4). (Otterlo LCV et al 1977). 
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Fig. 4 Fetal urine production rate in relation to GA. The upper limit represents the 
95th centile and the lower limit the 5'^  centile. (From Otterlo LCV et al 1977). The 
lines have been added to show the range of fetal urine production corresponding to 
the gestational age in the current study. 
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Rabinowitz (Rabinowitz R et al 1989) also studied the HFUPR but by 
decreasing the time at two to five minute intervals. He found that the HFUPR (33 
ml/hr at 36 weeks GA) was almost doubled when compared with Otterlo's (18 ml/hr 
at 36 weeks GA). He explained that this was due to a cycle length of voiding or 
dynamic changes in the bladder that was shorter than previously thought. Thus he 
suggested the reevaluation of previous study by means of the methodology used. 
Rabinowitz didn't mention at what time of day the studies was carried out. 
Chamberlain (Chamberlain PF et al 1984 (I)) did find that there was a diurnal 
variation in HFUPR. Therefore extrapolating the HFUPR (ml/day) to 24 hours 
(ml/day) in those studies in an effort to measure the contribution of fetal urine 




2.1.1.3.2 How is fetal urine flow related to amniotic fluid volume? 
It has been believed that amniotic fluid is composed predominately of fetal 
urine. Minei (Minei LJ et al 1976) showed that the diversion of fetal urine resulted 
in a persistent decrease in AFV. Also, at mid pregnancy AFV was isotonic to 
matemal and fetal plasma but gradually became hypotonic near term due to dilution 
of amniotic fluid by hypotonic fetal urine. Therefore we may think that as fetal 
urine production increases, the AFV should increase. 
However Otterlo showed that there were no correlation between fetal urine 
production and AFV (Otterlo LCV et al 1977). Also, Otterlo's observations are 
supported by the fact that AFV decreases after 37 weeks GA but fetal urine 
production continues to increase up to 39-40 weeks GA. 
The balance of AFV is kept not only by urine production but also by the rate 
of fetal swallowing. There were other possible mechanism existing for the balance 
of AFV, eg. fetal lung fluid, intramembranous and transmembranous routes (Gilbert 
WM et al 1989, Gilbert WM et al 1993). 
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2.1.2 Where does the amniotic fluid go? How reabsorbed? 
2.1.2.1 Absorption via membranes and cord 
(A) Transmembranous fluid movement 
Due to the osmotic gradient between amniotic fluid and matemal blood, 
amniotic fluid is potentially able to cross the amniochorion to enter the matemal 
circulation within the adjacent utems. Therefore there should be a net movement of 
fluid out of the amniotic cavity. The actual amount of fluid transmitted out of the 
amniotic cavity by this transmembranous route has not yet been either measured nor 
even estimated in human pregnancy (Gilbert WM et al 1993). However in animal 
studies the estimated transmembranous flow was approximately 200 ml/day (Gilbert 
WM et al 1989). There are a large number of variables that can affect this route of 
flow, eg. artifical expansion of AFV, the presence of prolactin (reduces the 
membrane permeability), and fetal urine fluid osmolality. Therefore accurate 
assessment is difficult. 
Seeds (Seeds AE 1980) suggested that only a very small net transfer of water 
could occur by this pathway since the vascularity of matemal tissue in proximity to 
chorion laeve and amnion is sparse. However it should be possible to make a rough 
calculation from the known measured volumes of flux of the amniotic fluid (Fig. 7). 
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(B) Intramembrane fluid movement 
Plactental surface 
Due to the osmotic gradient between amniotic fluid and fetal blood within 
vessels on the fetal surface of the placenta, amniotic fluid can be absorbed through 
the fetal surface of the placenta. This is a further net movement of fluid out of the 
amniotic cavity. 
Umbilical cord 
Seeds (Seeds AE 1980) did not support the concept that the umbilical cord 
could act as a significant exchange pathway because the very small ratio of the 
vessel wall surface area to the flow provided by the large blood vessesls when 
compared to the large ratio of surface area to volume flow found in the capillary bed 
of the placenta made it an ineffective exchange site. There is also no actual 
measurement in human pregnancy. Mann (Mann SE et al 1996) used a 
mathematical model to calculate the intramembranous flow. They suggested that 
intra-membranous, umbilical cord and placental surface exchange might increase 
with GA linearly to reach 336 ml/day at term. 
Greenhill et al found that there was a high levels of tracer (deuterium oxide) 
within the Wharton's jelly following injection into the amnioitc fluid (Greenhill JP 
et al 1974). However, the sequestration of deuterium within Whartons jelly does 
not necessarily indicate the volume of water transit, if any, and may only indicate 
equilibration by diffusion. 
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It is believed that this intramembranous route must play a major role in the 
regulation of AFV. This may help to explain why not all the upper GI tract 
obstruction cases are associated with polyhydramnios. 
I 
2.1.2.2 Fetal swallowing 
The possible route of fluid removal is by fetal swallowing. Intestinal 
peristalsis begins by the ninth week GA and fetal swallowing begins shortly 
thereafter. Therefore as early as the ninth week GA, the fetal stomach can be 
visualized with ultrasound (Nyberg DA et al 1990). 
Fetal swallowing is an important route of amniotic fluid removal in the later 
half of pregnancy. Whether it is the major route is still uncertain. Abramovich 
(Abramovich DR et al 1979) found the mean swallowing rate was 198 ml/day in 38-
40 weeks GA (ranged from 87 to 287 ml/day) , which was much less than the urine 
production rate estimated by Otterlo (616.8 ml/day). Others have found higher 
volumes being swallowed: Pritchard's (210 to 760 ml/day) (Pritchard JA 1965) and 
Gitlin,s finding (200 to 575 ml/day) (Gitlin D et al 1972). Mann (Mann SE et al 
1996) using a mathematical model suggested that there is an exponential increase in 
the daily swallowed volume to a maximum of 1320 ml/day at term in human 
pregnancy. However as the value is just a predictive one it may not reflect the actual 
physiological status. 
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Looking at the literature, overall the volumes removed by swallowing seem 
to be less than urine production. Minei (Minei U et al 1976) showed that even after 
occlusion of the fetal oesophagus in fetal monkeys which resulted in transient 
hydramnios, this was followed by the AFV returning to the normal range. Therefore 
there must be either other pathways responsible for resorbtion of the imbalance 
between production and the volume swallowed, or an as yet unknown inhibitory 
effect on production. 
As has been reviewed the contribution by other factors such as 
transmembranous transport and lung fluid or absorbtion is still poorly understood. 
The factors that would affect fetal swallowing we also not known. Goodlin 
(Goodlin RC et al 1983) suggested that larger fetuses swallowed more than smaller 
ones. While Gitlin (Gitlin D et al 1972) suggested but had no objective proof that 
the greater the AFV present, the more the amount of amniotic fluid the fetus 
swallowed, although they assumed that this was one of the homeostatic mechanisms 
to stablize the AFV. 
17 
2.1.3 How is amniotic fluid volume controlled? 
2.1.3.1 Relationship to gestational age 
Queenan (Queenan JT et al 1972) showed that the mean volume rises from 
239 ml at 15-16 weeks to 669 ml at 25-26 weeks and 984 ml at 33-34 weeks, it then 
decreases slightly to 836 ml at term and 544 ml at 41 to 42 weeks (Fig. 5). 
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Fig. 5 AFV in relation to GA. (The mean values 土 1 SD were calculated for each 2 
week period from 15 to 16 weeks through 41 to 42 weeks.) (From Queenan JT et al 
1972). 
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Following Queenan's work there have been many published studies on the 
AFV. Brace (Brace RA et al 1989) collected data from these published tables or 
figures and then subjected these to a metanalysis to establish with greater accuracy 
the normal AFV changes throughout pregnancy including post term gestation. At 
eight weeks, volume was increasing at a rate of 10 ml/wk. This increased to 25 
ml/wk at 13 weeks and reached a maximum of 600ml/wk at 21 weeks. The weekly 
volume increment then decreased and reached zero at 33 weeks, that is volume was 
at maximum at this time (Fig. 6a). Therefore the mean AFV did not change 
significantly between 22 and 37 weeks and averaged 777 ml. At 40 weeks, volume 
was decreasing an average of 8% per week (Fig. 6b). In summary the AFV increases 
in the first trimester, continue to rise during the second. The volume appears to 
reach a maximum and plateau in the third trimester (30-37 weeks). It then 
diminishes somewhat from this peak as term approaches and diminishes more 
acutely beyond term in prolonged pregnancies. 
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Fig. 6a Graph summarizing the rate of increase of volume of AFV per 
week at different GA. Note: over the period of study (30-37 weeks) 
the AFV is relatively stable. 
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Fig. 6b AFV in human pregnancies with normal fetuses. (From 
Brace RA et al 1989). 
AFV increases steadily during the first half of pregnancy as fetal size 
increase. However, during the second half of pregnancy, mean AFV remains 
relatively constant despite an exponential increase in fetal size. The mechanism by 
which the fetus maintains this uniform AFV despite an exponential increase in size 
is unknown (Gilbert WM et al 1993). 
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2.1.3.2 Relationship to fetal weight 
In the first trimester, Lind (Lind T et al 1972) found that the AFV was 
closely related to fetal weight up to 300 g, corresponding to a GA of about 20 weeks. 
Lind thought that this is may be due to the fetal skin being freely permeable to 
sodium and water before becoming impermeable when kertatinization begins at 23-
25 weeks GA. Charles (Charles D et al 1965) reported that in late pregnancy there 
was no obvious relationship between fetal weight and AFV. 
Goodlin (Goodlin RC et al 1983) suggested both AFV and size of the 
neonate were directly related to matemal plasma volume expansion, therefore the 
size of the neonate should be closely related to AFV. They suggested that the 
discrepancy with Charles' data was due to variation in fetal swallowing and voiding 
after 36 weeks GA. However, in Goodlin's study, the IUGR cases were included. 
In these cases both the amniotic fluid and plasma volumes were significantly 
decreased. 
2.1.3.3 Relationship of AFV to fetal sex 
As far as can be determined by a search of the published literature there is no 
study regarding relationship between the fetal sex and AFV. 
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2.1.3.4 Relationship to gravidity and parity 
Also although studies have been done on how gravidity and parity affect the 
birth weight or perinatal mortality rate. There has not been any study to investigate 
how gravidity and parity affect the AFV. 
2.1.3.5 Relationship to Matemal age 
Similarly no study can be found that shows whether there is any relationship 
between matemal age and AFV. 
2.1.3.6 Mechanisms of control 
The contents of the amniotic sac are not stagnant. The water content of the 
amniotic fluid at all stages of pregnancy is completely replaced at a suprisingly rapid 
rate of about once every 2.9 hours in human. The electrolytes are exchanged at their 
own unique rates. The water turnover is more rapid than that of sodium. In human, 
sodium replacement occurred about five times slower than water (Greenhill JP et al 
1974). 
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(A) First trimester 
The amniotic cavity is first formed by day eight after fertilization. The 
source of amniotic fluid is most likely represents a transudate or secretion from the 
developing amnion or embryo or filtrate of matemal plasma. Also water and 
electrolytes can freely move across the fetal skin before the epithelial keratinization 
at 23-25 weeks GA (Lind T et al 1972). 
The fetal kidneys begin to excrete urine at about eight to ten weeks gestation. 
Thus after this time, the fetal kidneys begin to play a role in the balance of AFV. 
(B) Second and third trimester 
The balance in AFV is controlled by its production and absorption. The 
main contributions are from fetal urine production and fetal swallowing. However, 
these two factors can account for part of the variation in AFV because fetal urine 
output (616.8 ml/day) is greater than swallowing (198 ml/day) (Abramovich DR et 
al 1979). Additional pathways are the intramembranous route (between amniotic 
fluid and the fetus) and the transmembranous route (between amniotic fluid and the 
mother). Also even the keratinized fetal skin may remain partially permeable to 
small, highly lipid-soluble compounds such as carbon dioxide and oxygen. 
Therefore fetal skin perhaps may act as an exchange surface (Seeds AE 1980). 
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Therefore there are multiple fluid exchange pathways between the fetus and 
the amniotic cavity and the routes include: fetal urinary tract, respiratory tract, 
gastrointestinal tract, skin, placenta, chorioamniotic membranes and umbilical cord. 
production absorption 
urine production (620) Swallowing (200) 
Transmembranousroute (80) 
Intramembranous route (340) 
^ S " — 
* unit = ml/day 
Fig. 7 Summary of the balance mechanism in AFV (in ml/day). 
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2.2 Abnormal physiology 
Amniotic fluid volume is not only of interest to the fetal physiologist. It is 
also extremely useful in everyday clinical obstetrics because abnormalities of AFV 
either a diminution (oligohydramnios) or increase (polyhydramnios) indicate 
underlying problems of the pregnancy. 
Therefore the limits of normal have been set rather arbitrarily (see 
discussion) between 300 and 2000 ml (Greenhill JP et al 1974). 
2.2.1 Too much liquor: polyhydramnios 
Polyhydramnios is defined as a volume greater than 2000 ml at term. 
Chamberlain (Chamberlain PF et al 1984 (III)) reported an incidence of 3.2%. 
Polyhydramnios is more common than oligohydramnios (0.85 % in Chamberlain PF 
et al 1984(II)). Polyhydramnios can be acute or chronic, but the chronic type is 
more common. The acute type is usually seen earlier in pregnancy than the chronic 
type. 
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2.2.1.1 Fetal causes 
1) congenital fetal anomalies eg. anencephaly, oesophageal 
atresia，thanatophoric dwarfism, achondroplasia，spina 
bifida. 
2) erythroblastoisis fetalis 
3) multiple births 
4) intrauterine infections 
2.2.1.2 Matemal causes 
1) idiopathic 
2) diabetes mellitus 
3) matemal-fetal drug exposures eg. maternal radioactive 
iodine exposure may cause fetal goiter and impair 
swallowing. 
4) enlarged placenta eg. chorioangioma. 
2.2.1.3 Secondary effects on the fetus 
1) polyhydramnios is associated with premature labour. 
2) increase perinatal morbidity and mortality secondary to 
prolapse of umbilical cord, malpresentation of the fetus. 
2.2.1.4 Secondary effects on the mother 
1) associated with post partum haemorrhage, uterine dysfunction, premature 
rupture of membranes or placental abruption, dysfunctional labour. 
2) in severe polyhydramnios, the mother will experience abdominal 
discomfort, dyspena, tachycardia, nausea, vomiting, oedema of 
abdominal wall and extremities due to the pressure exerted within and 
around the overdistended uterus upon adjacent organs. (Nyberg DA et al 
1990, Hashimoto BE et al 1993). 
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2.2.2 Too little liquor: oligohydramnios 
Oligohydramnios is defined as AFV reduced to less than 200 ml. 
Chamberlain (Chamberlain PF et al 1984(II)) found an incidence of 0.85%. 
Oligohydramnios generally develops gradually. 
2.2.2.1 Fetal causes 
1) fetal anomalies eg. obstruction or dysfunction of the urinary tract, eg. 
bilateral renal agenesis, posterior urethral valves, bilateral pelviureteric or 
ureterovesical junction obstruction, bilateral multicystic dysplastic 
kidneys, infantile polycystic kidneys. 
2)intrauterine growth retardation (IUGR). The fetal urine output is decreased 
due to in IUGR fetus, the renal perfusion is decreased. Thus 
oligohydramnios results. 
2.2.2.2 Matemal causes 
1) post-term pregnancies which may be due to diminishing 
placental function. 
2) rupture of the membranes and leaking of amniotic fluid. 
3) placental dysfunction or placental insufficiency. 
4) after drug therapy, eg. antiprostaglandin therapy 
(indomethacin) 
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2.2.2.3 Secondary effects on the fetus 
1) The rates of fetal distress and perinatal morbidity and 
mortality is increased. Labour is often premature. 
2) fetal urine output will be reduced. 
3) neonatal pulmonary hypoplasia. 
4) increase neonatal infections (if cause of oligohydramnios is 
ruptured membranes). 
5) increase rate of nonreactive nonstress test and variable 
deceleration during nonstress test. 
6) due to the diminished amniotic fluid, the amnion may adhere 
to the fetal parts and cause amputation. 
7) pressure deformities such as alternation of the shape of the 
skull, wry neck and club foot may be expected. 
8) skin dry, leathery and wrinkled. 
2.2.2.4 Secondary effects on the mother 
1) increase matemal infections if the cause of oligohydramnios 
is premature rupture of membranes. (Nyberg DA et al 
1990, Hashimoto BE et al 1993). 
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2.2.3 Diseases and gender differences that may be 
related to parity and amniotic fluid volume 
There are many different physiological observations or diseases that show a 
sex difference in distribution: 
Physiological: 
The BPD of the male fetus is greater than female (Moore WMO et al 1988). 
Birth weight of males is greater than females (Thomson AM et al 1968，Leung SSF 
1988, Catalano PM et al 1995). Male fetuses have greater intrauterine growth 
velocity than female (Spinillo A et al 1994). Male fetuses were already larger then 
the females of the same GA before the gonads had differentiated (ie. at 8-12 weeks 
GA) (Pedersen JF 1980). Although Thomson (Thomson AM et al 1968) could not 
confirm this finding of consistent sex difference until 34-35 weeks GA, after 38 
weeks , males were heavier than females. 
Abnormal physiology: 
Preterm birth (< 37 weeks GA) was more common with male fetus (M: F = 
1.12: 1) and the labour start with spontaneous rupture of the membranes were more 
common in the male fetus (M: F = 1.96: 1) (MacGillvray I et al 1985). It may be 
related that increase in AFV means increase in uterine volume and uterine volume is 
related to ease of initiation of early labour, eg. polyhydramnios, twins. Breech 
presentation was commoner in pregnancies with female than with male (Hall MH et 
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al 1982). In the condition of decrease AFI, it will decrease the chance of complete 
turning, therefore the fetus is trapped in a breech presentation. 
Diseases: 
There are many fetal and neonatal diseases wich a marked difference in 
frequency of occurrence between the male and the female that cannot be explained 
on genetic/chromosomal grounds. Congenital dislocation of hip (CDH) is more 
common in the female with a ratio of female to male = 5: 1 (Sutton D 1987), the 
immobility may be related to a low AFI/AFV of the fetus, unilateral agenesis and 
hypoplasia of lungs are more common in the female (Gray SW et al 1972). Spinillo 
(Spinillo A et al 1994) found that IUGR was more common in the female with F: M 
=1.39: 1. Amgrimsson (Arngrimsson R et al 1993) observed that there was a 
higher female ratio on the outcome of pregnancies affected by hypertensive disease 
in pregnancy. 
In the male fetus there is a higher occurrence of certain congenital 
abnormalities. Abnormalities such as cleft lip and palate, bladder exstrophy (M:F = 
2:1 to 3:1) are unlikely to be related to the effects of AFV. However, 
hydronephrosis (M: F = 5: 1), possibly pelviureteric junction obstruction, UTI in the 
first year of life and pyloric stenosis may be somehow related (Ginsburg CM et al 
1982, Chow CB et al 1988，So LY et al 1988，Nyberg DA et al 1990, Alexander F 
1993). 
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2.3 Techniques of measuring amniotic fluid volume 
2.3.1 History 
There have been many methods to measure the AFV. In the past, AFV has 
been assessed qualitatively by abdominal palpation, amnioscopy and quantitatively 
assessed by the dye and isotope dilution techniques (Bames JS et al 1972). The dye 
dilution technique is considered to be the "gold standard" for AFV measurement. 
In 1975 ultrasound was first used for measuring AFV quantitatively in a non-
invasive manner. Early ultrasound equipment (“static B-Scanner，）was capable of 
recording whole single plane sections of the pregnant abdomen and step, with 
reasonable accuracy, preset distances perpendicular to this plane. The amount of 
amniotic fluid in each “slice” could then be calculated by multiplying that area by 
the slice thickness. However as the measurement of AFV by this technique is time 
consuming and impractical in a clinical setting, various types of semi-quantitative 
methods to reflect the amount of AFV were developed. The amniotic fluid index 
(AFI) method, invented by Phelan (Phelan JP et al 1987 (I)，(II)) became the most 
popular. This semi-quantitative method does not measure the actual volume, but 
gives a semi-objective measure of the amount of fluid in the uterine cavity. The 
following will discuss the development of various measurements of AFV by 
ultrasound. 
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(A) Quantitative method 
AFV was first indirectly measured quantitatively using ultrasound by 
Robinson (Robinson HP 1975) in 1975. He found his measurement of total 
intrauterine volume (TIUV) correlated well at 10-13 weeks GA. Gohari (Gohari P et 
al 1977) in 1977 tried to detect intrauterine growth retardation (IUGR) by measuring 
the TIUV. In their method, the fetal, placental and amniotic fluid volume were 
measured together by using the static B-scan. They used the three greatest 
perpendicular diameters in a formula for an ellipsoidal volume. This method was 
inaccurate for amniotic fluid volume changes since fetal and placental volumes were 
included also. Especially during the second and third trimesters when the fetal size 
increases much more than the increase in amount of amniotic fluid. Therefore the 
error in measuring the amniotic fluid volume changes will increase. 
Middleton (Middleton WD et al 1982)，Lang (Lang GD et al 1983)，Kurtz 
(Kurtz AB et al 1984), and Geirsson (Geirsson RT et al 1984) found Robinson or 
Gohari's method inadequate and they calculated the total uterine volume by using 
the stepped area-to-volume technique. However, their methods were also abandoned 
because they all required the use of a static B-scan which was at that time being 
replaced by real-time scanning apparatus such as is in common use today and does 
not have the full slice and serial stepping capability. However it is worth noting that 
at the time these techniques were subjected to wide interobserver error as well as 
technical error. 
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CB) Qualitative method 
The past quantitative measurement of amniotic fluid volume by static 
ultrasound was time consuming and too cumbersome for daily, routine use. Several 
authors tumed to a qualitative representation of AFV seen on ultrasound. In the 
normal pregnancy, the fetus occupies less than half of the intrauterine volume until 
approximately 22 weeks. Thereafter, the fetus increased in size and then 
progressively dominates the intrauterine volume. Crowleg (Crowleg P 1980) and 
Zamah (Zamah NM et al 1982) used the subjective criteria by experienced 
sonographers to determine the AFV as normal, inadequate or excessive. They based 
on the amount of amniotic fluid seen by ultrasound around the fetal limbs. If a 
pocket of fluid was demonstrated between the legs and the anterior and posterior 
uterine walls, the quantity of fluid was called normal. However this is too 
subjective, difficult to standardize or reproduce. It depends on the experience of the 
sonographers and is subject to great interobserver variation. 
( C ) Semi-quantitative method 
In 1981，Manning (Manning FA et al 1981(I)) defined normal AFV by at 
least one pocket of amniotic fluid measured more than 1 cm in its broadest diameter. 
He found that IUGR cases were associated with a pocket of amniotic fluid less than 
1 cm in its broadest diameter with an accuracy of 89.9%. However Hoddick 
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(Hoddick WK et al 1984) found the predictive value of this 1 cm rule too low for 
satisfactory clinical use. He could detect only 5 of 125 small for date fetuses. 
In the same year, Chamberlain (Chamberlain PF et al 1984 (II)) used the “2 
cm rule" instead. He measured the vertical depth of the largest pocket of amniotic 
fluid. A pocket less than 1 cm was defined as a decreased in AFL From 1 to 2 cm, 
it was marginal. From 2 to 8 cm, it was considered normal. Greater than 8 cm 
indicated increase. He found the incidence of major congenital anomalies and IUGR 
were significantly related to a decrease in AFI. 
Bottoms ^Bottoms SF et al 1986) measured the maximum vertical pocket at 
different GA and showed that it peaked at 31-33 weeks GA, and IUGR cases were 
also associated with decreased depth of the maximum vertical pocket. 
However Patterson (Patterson RM et al 1987) also found that vertical depth 
of 1 cm although highly specific of IUGR fetuses was not sensitive enough. He 
found that the average of the vertical, sagittal and coronal diameters of the largest 
pocket of amniotic fluid equal to 3 cm gave the best screening threshold. This 
technique in which the average of several dimensions was used decreased the 
intraobserver variability. Crowley (Crowley P et al 1984) and Halperin (Halperin 
ME et al 1985) also favored this 3 cm rule. 
In 1987，Phelan (Phelan JP et al 1987 (I)) introduced a new technique the 
amniotic fluid index (AFI) to assess the AFV at different GA. Phelan found all the 
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previous techniques could not reflect the progressive changes in the AFV during the 
course of pregnancy except Bottoms' works. However they could not totally 
evaluate the fluid within the intrauterine cavity and there was no difference in the 
lower limit which could define oligohydramnios at different GA or difference in the 
upper limit for polyhydramnios at different GA. The 1-cm rule only represented 
severe oligohydramnios with adequate specificity (100%) but was a poor screening 
tool (sensitivity = 6.7%) (Magann EF et al 1992). The 3-cm rule also had low 
sensitivity. All the previous techniques lack adjustment for GA difference in AFV 
which may impair the effectiveness and inadequately define those pregnancies at 
greatest risk of adverse fetal outcome. 
The advantage of AFI method is simple to perform, requires little additional 
time or training during routine scanning. It eliminates the discrepancy arising from 
subjective assessment by the examiner. It provides a reference for inexperienced 
examiners. It is easily reproducible by different examiners at different times. 
Rutherford (Rutherford SE et al 1987 (I)) found the intra-observer and inter-observer 
error was low with 1 and 2 cm respectively. 
In 1992，Magann (Magann EF et al 1992) invented a variation of the largest 
vertical pocket method. It is the two diameter pocket method. The two-diameter 
pocket method is defined as the vertical depth multiplied by the horizontal diameter 
of the largest pocket. A two-diameter pocket of 0-15 cm^ was defined as 
oligohydramnios, 15 to 50 cm^ was normal fluid and > 50 cm^ was hydramnios. 
Magann found that oligohydramnios was recognized significantly more often when 
using the two-diameter pocket technique than using the AFI technique (p < 0.002). 
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The various semi-quantitative methods for measuring AFV were summarized 
in Table 1. 
Table 1 Summary of various semi-quantitative method of measuring AFV. 
AUTHOR METHOD | 
i 
Manning FA et al 1981(I) largest venical pocket (1 cm rule) 
Chamberlain PF et al 1984 (II) largest vertical pocket (2 cm rule) 
) 
！ 
Bottom AF et al 1986 largest vertical pocket (at different 
G^ 
Patterson RM et al 1987 average of vertical , sagittal and 
coronal diameters of the largest pocket ！ 
(3 cm rule) 
Phelan JP et al 1987 (I) AFl I 
Magann EF et al 1992 two-diameter pocket 
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2.3.2 Current most popular technique: amniotic fluid index 
2.3.2.1 Why ？ 
Dildy (Dildy GA et al 1992), Croom (Croom CS et al 1992), Magann 
(Magann EF et al 1992) and Sepulveda (Sepulveda W et al 1994) compared the 
various semiquantitative ultrasound measurement with the past "gold standard" dye 
and isotope dilution techniques. They all found that the semiquantitative methods 
yielded a fair representation of quantitative amniotic fluid. Their results were 
summarized as Table 2. 
Table 2 Results of how well of various semi-quantitative method 
correlate with actual AFV by different authors. 
Croom Didly Magann Sepulveda r_% B^_% R2 % 
Largest Vertical Pocket(Chamberlain) ^ 7 4 4 ^ U 
AFI (Phelan) � 5 7 ^ 4 50 
Two-diameter pocket (Magann) 61 30 
NB. (1) Croom, Didly and Sepulveda used the correlation coefficient ( r or R^) 
between the various semi-quantitative method and the actual AFV 
measured by the dye dilution techniques to represent the relationship between them. 
(2) Magann measured the % of normal case of AFV (as defined by dye dilution method) 
that were correctly detected by the various semi-quantitative method. 
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Among the semiquantitative methods, Moore (Moore TR et al 1990) and 
Dildy (Dildy GA et al 1992)，Croom (Croom CS et al 1992) and Sepulveda 
(Sepulveda W et al 1994), found the AFI method was better than the maximum 
vertical pocket method since it had greater sensitivity and predictive value in 
diagnosing oligohydramnios and polyhydramnios. Magann (Magann EF et al 1992) 
found his two-diameter pocket method was more accurate than AFI in predicting 
oligohydramnios (Table 3). 
Table 3 Comparison of sensitivity and specificity for oligohydramnios and 
polyhydramnios in various semi-quantitative method. 
~ " ~ ~ Method """ -^^^ :1^1 ; ; ; ]^^ ; ; "^¾) Specificity (%)“ 
Oligohydramnios Largest vertical method < 2 cm 0 100 
AFI < 5 cm 6.7 100 
Two-diameter pocket < 15 cm^ 60 84 
Polyhydramnios Largest vertical method > 8 cm 50 97 
AFI > 18 cm 8 3 3 85.3 
Two-diameter pocket > 50 cm^ 50 97 
In addition, Didly found that the AFI method overestimated the actual 
volume by 88.7% at lower volumes and underestimated the actual volume by 53.9% 
at higher volumes. Sepulveda (Sepulveda W et al 1994) found the low variance 
(30%) of the AFI method suggests that better predictors of AFV are still required. 
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However, the AFI method is still the easiest method to determine AFV in a 
noninvasive fashion reported so far. Although the dye-dilution method is considered 
as the gold standard it is not a practical method for screening most pregnancies and 
would certainly be an unrealistic approach for continued follow up of complicated 
pregnancies. Also in choosing the dye, caution should be paid to avoid hazardous 
effect to mother and fetus. The dye should be stable and physiological inert, non-
toxic and would not have iatrogenic effects on mother or fetus (Charles D et al 
1965，Charles D et al 1966). 
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2.3.2.2 Relationship of amniotic fluid index to amniotic fluid 
volume 
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Fig. 8 Graph of AFI against AFV. (From Didly GA et al 1992) 
In comparing various semi-quantitative method, the AFI was the best one 
although Sepulveda (Sepulveda W et al 1994) found the variance was low (30%). 
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2.3.23 Cut-off points 
Why do we need to evaluate the amount of AFV? As AFV plays a 
significant role in predicting perinatal outcome. Both oligohydramnios and 
polyhydramnios are usually associated with poor perinatal outcome, fetal structural 
abnormalities, high perinatal mortality and morbidity, and high matemal 
complications. 
Therefore the AFV assessment by AFI play an important role in the 
assessment of fetal well-being. It has been included in the measurement of the 
biophysical profile scoring system of antepartum fetal surveillance. The fetal 
biophysical profile score can provide an accurate estimation of at risk fetus 
(Manning FA et al 1981(11), Manning FA et al 1985). Manning (Manning FA et al 
1985) in one study showed that the incidence of abnormal test scores form the 
studied high-risk patients was 0.76%. While the death rate in the studied population 
was 0.737%. Therefore the results from the test scores matched the actual incidence 
of disease. The AFI measurement, together with the non-stress test are now the 
current method for assessing high risk pregnancy. 
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2.3.2.3.1 How have they been chosen? 
From the above discussion，the most commonly used semi-quantitative 
method to represent the AFV is the AFI method. Thus in order to give a reliable 
prediction of the pregnancy outcome, the AFI method was chosen to define the 
oligohydramnios and polyhydramnios. 
The established two cut-off points for oligohydramnios and polyhydramnios 
using the AFI method are an AFI < 5 cm and polyhydramnios > 20 cm but later 
revised to > 25 cm for all GA (Phelan JP et al 1989). These values were suggested 
by Phelan. They were arbitrary measures based on retrospective studies. 
Nevertheless, they have gained popular appeal. 
Moore & Cayle (Moore TR and Cayle JE 1990) also measured the AFI of 
791 normal pregnancies at different GA and obtained results similar to Phelan's. 
They defined oligohydramnios as less than the 5^ ^ centile for GA (from 7 to 9.8 cm 
for 16-42 weeks GA ) and polyhydramnios as greater than the 95^ ^ centile for GA 
(from 17.5 to 24.9 cm for 16-42 weeks GA). 
The reported incidence of oligohydramnios and polyhydramnios varies 
according to different authors, eg. the prevalence of polyhydramnios varies from 
0.4% to 3.5% (Hill LM 1993). Therefore the incidence may depend on the which 
cut-off point we chosen. 
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Phelan defined oligohydramnios as AFI < 5 cm and polyhydramnios by a 
value > 20 cm but later revised to > 25 cm for all GA. It was arbitrarly defined 
based on retrospective studies. Based on the 5*^  and 95'^  centile value, Moore & 
Cayle suggested AFI < 7.7 cm (36 weeks GA) for oligohydramnios and > 24.9 cm 
(36 weeks GA) for polyhydramnios. Jeng (Jeng CJ et al 1990) confirmed this with 
similar levels of AFI < 8 cm for oligohydramnios and > 24 cm for polyhydramnios 
in the third trimester. Carlson (Carlson DE et al 1990) used an AFI > 24 cm for 
polyhydramnios. It is based on the 2SD above average AFI (Table 4). 
Table 4 Comparison of cut-off point for oligohydranmios and 
polyhydramnios in various studies. 
Author Year GA Oligohydramnios Polyhydramnios 
_ _ _ _ _ _ _ _ _ _ _ _ (weeks) (cm) (cm) 
”Phe lan lF -™^7——]�———]~~~™~-~~~~—. 20^o7E""""^ 
Moore & Cayle 1990 36 7.7 24.9 
Jeng CJ 1990 29-40 8 24 
Carlson DE 1990 29-40 — 24 
Kramer (Kramer W et al 1996 ) in comparing the accuracy between Phelan's 
and Moore & Cayle，s value in predicitng adverse perinatal outcome found that an 
AFI of < 8 cm or < 5^ ^ centile for gestation were better than AFI < 5 cm at 
identifying a patient at risk for having a Cesarean section for fetal distress and/or an 
Apgar score of < 7 at 5 minutes. Therefore Moore & Cayle,s value had greater 
sensitivity (64%) than Phelan's (8 %) but expected decrease in specificity of 67 % 
(Moore & Cayle) compared with Phelan's 92%. 
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2.3.2.3.2 How effective in detection of abnormal 
pregnancies? 
It is important to detect abnormal AFV at either extreme precisely because 
the failure to discover abnormal in AFV may lead to the omission of tests essential 
for the diagnosis of fetal abnormalities-detailed ultrasound examination of the fetus 
morphology, cytogenic studies-amniocentesis, unsuspected rupture of membranes or 
fetal compromised and proper perinatal care-timing and mode of delivery. An 
erroneous diagnosis could result in the performance of unnecessary and possibly 
invasive fetal evaluation procedures, counselling for future pregnancies and 
unnecessary anxiety of the mother and unnecessary waste of resource. 
Many authors have tried to measure how often could the cut-off points they 
chose be effective in diagnosing abnormal pregnancies. They were summarized in 
Table 5. 
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Table 5 Abnormalities detected by various authors using different cut-off point for 
oligohydramnios and polyhydramnios. 
(A) Oligohydramnios 
Author Date Cut off point Incidence of 
Chamberlain 1984 largest pocket 1) Oligohydramnios (0.85%) 
PF et al (II) depth < 1 cm 2) gross & corrected perinatal mortality 
(18.75%, 10.94%) 
3) IUGR (38.6%) 
4) major congenital anomaly (9.37%) 
Rutherford S E ~ ~ M ? AFI < 5 cm 1) oligohydramnios (8.2%) 
(II) 2) non-stress test (30%) 
3) fetal heart rate deceleration (44%) 
4) meconium staining (56%) 
5) cesarean section for fetal distress (11%) 
6) low one & five minutes Apgar scores 
(30%,11%) 
Baron C 1 ^ AFI < 5 cm 1) oligohydramnios (22%) 
et al 2) fetal heart rate deceleration (41%) 
3) Cesarean delivery for fetal distress (4.1%) 
4) LBW (4.7%) 
5) meconium staining less often (26%) than 
normal (37%) 
6) no difference in Apgar score or neonatal 
complications between oligohydramnios 
and normal groups 
Sherer DM 1996 largest pocket 1) oligohydramnios (23%) 
et al depth < 1 cm2) 2) fetal movement decreased (22.7%) 
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(B) Polyhydramnios 
Author Date ~~Cut off point~~ Incidence of 
Chamberlain 1984 ~~largest pocket 1) polyhydramnios (3.2%) 
PF et al (III) depth > 8 cm 2) gross & corrected perinatal mortality 
(3.29%,0.412%) 
3) major congenital anomaly (4.12%) 
4) fetal macrosomia (33.3%) 
~~Varma TR 1 ^ largest pocket 1) preterm delivery (11.1%) 
et al depth > 8 cm 2) fetal distress (24.4%) 
3) low Apgar score (12.6%) 
4) fetal macrosomia (22.9%) 
5) major fetal anomaly (4.41%) 
6) gross & corrected perinatal mortality 
(6.6%, 2.96%) 
7) admission to special/intensive care 
nursery (8.9%) 
~Carlson DE 1 ^ AFI > 24 cm 1) polyhydramnios (43.75%) 
et al 2) fetal malformation (45 %) 
3) aneuploidy (12.2%) 
4) perinatal death (28.6%) 
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2.4 Summary of what is known and not yet 
known about amniotic fluid volume 
For the AFV we know that the mechanism of controlling the balance of the 
volume is a complicated one. We know that fetal swallowing and fetal urine 
production contribute to part of the dynamic of control only. There is well accepted 
published data on how AFV varies across the gestational age, the mean value in their 
population and the cut-off points for oligohydramnios and polyhydramnios. 
However, there is no AFI published for the Hong Kong population 
specifically. What are the mean value of AFI in this population? Is there any 
difference in AFI value between the Chinese and Caucasian? Is there any difference 
in AFI value between male and female fetus? Since AFI varies with population and 
GA, it is logical that the cut-off points for oligohydramnios and polyhydramnios 
could be different. What should be the cut-off points for oligohydramnios and 
polyhydramnios to be used? Should there be any difference in cut-off points for 
male and female fetus also? 
Also no one has studied how gravidity, parity, and EFW affect the AFI. 
Finally, there are diseases show certain sex preponderance. Could this be explained 
by the difference in AFV between gender? 
This study was initiated to find new insights on these aspects. 
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Chapter 3 Aims of this study 
The aims of this study were to: 
(1) Establish the normal range of AFI in the Hong Kong population. 
(2) Compare with published data to see if there is any significant 
difference. 
(3) If differences were found to consider whether cut-off points 
recommended in the literature are still applicable to the Hong Kong 
population or whether these need to be adjusted. 
(4) To determine whether there are any differences in AFi between 
male and female fetuses. 
(5) To ascertain the relationship between effective fetal weight and 
AFI. 
(6) To determine if there is any relationship between parity and AFI. 
(7) To ascertain whether any relationship could be determined 
between fetal urinary tract function and AFI. 
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Chapter 4 METHOD 
4.1 Equipment 
The machine used for the ultrasound examination was the Advanced 
Technology Laboratories (Bothell, WA) High Density Imaging (HDI 3000) using 
the 3.5 and 5 MHz curvilinear array transducers with color Doppler capabilities. 
4.2 Subject selection criteria 
4.2.1 Criteria 
Chinese pregnant women were recruited to this study. They came to our 
hospital, Prince of Wales Hospital, Shatin, to perform a dating and morphology scan 
at about 20 weeks gestational age. Gestational age was calculated from the last 
menstrual period and confirmed by the ultrasound measurement in the first scan by 
measuring the Biparietal diameter (BPD), abdominal circumference (AC) and femur 
length (FL). Normal fetal morphology and fetal sex was determined also. 
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After each scan, only those singleton pregnancies with normal morphology 
were selected. While those patients with a history of diabetes and hypertension were 
excluded since these disease may affect the fetal urine production (Rabinowitz R et 
al 1993) and AFV. 
The mothers were invited to take part in this study. They were informed of 
the data to be collected and its eventual purpose. They were asked to retum for 
another ultrasound examination at a gestational age between 36 to 37 weeks. The 
gestational age was once again confirmed by the BPD, AC and FL measurement and 
fetal morphology and sex were studied completely again. Consequently, all selected 
patients had undergone two ultrasound examinations to ensure the normal growth, 
morphometric assessment and sex determination of the fetus. 
The birth weight of all the babies included in the study was checked after 
delivery to ensure there was no low birth weight or macrosomic neonate. 
4.2.2 Total number of subjects studied 
A total of 650 pregnancies were studied for between 1994 to 1996. 
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4.2.3 Total number of subjects selected fulfilling all criteria 
From the total of 650 pregnancies, 414 fulfilled all the selection criteria. 
Therefore we have a total of 414 pregnant women with a total of 828 examinations. 
Half of the examinations (at about 20 weeks) were to establish an accurate 
gestational age and enable exclusion of small for dates fetuses. The other half 
included the AFI and BV measurements that form the basis of this study. All the 
subjects were Chinese. Of the fetuses 207 were male and 207 were female. (The 
equality in number was fortuitous and not the result of deliberate intent to keep the 
sex ratio equal.) 
The matemal age ranged from 16 to 44 years, with a mean of 30.45. 
Gravidity ranged from 1 to 7 with a mean of 2.4 while parity ranged from 0 to 5 
with a mean of 0.96. 
4.2.4 Subject preparation 
No special preparation was required for the mothers. In particular they were 
not required to either fast or overhydrate. 
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4.3 Technique 
4.3.1 Standard measurement of BPD，AC，FL and EFW 
BPD was measured at the level of the thalami. Measurement was made from 
the outer table of the proximal skull to the inner table of the distal skull. 
AG was measured through the level that include the liver, horizontal portion 
of the portal sinus and the stomach. 
FL was measured from the origin to the distal end of the shaft. The femoral 
head and distal epiphysis should not be measured. 
All the measurement were based on the Hong Kong Charts originally 
published by Tsang Yuk Hospital. 
The fetal weight (EFW) was estimated from the Hadlock equation (Hadlock 
FP et al 1985) using the measurement of BPD, AC and FL. 
EFW g,3^  = Log 10 (birth weight in gram) 
=1.335 - (0.0034 X AC ,^ x F L , J + 
(0.0316 X BPDcJ + (0.0457 x A Q J + 
(0.1623 X FLcm) 
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4.3.2 Standard measurement of Doppler 
It is known that KJGR is associated with oligohydramnios (Manning FA et al 
1981 (I), Chamberlain PF et al (II) 1984) and reduced fetal urinary output (Otterlo 
LCV et al 1977). As this study was intended to be of normal healthy fetuses only, it 
was necessary to exclude cases of RJGR or potential RJGR. Fitzgerald (Fitzgerald 
DE et al 1984) and Wladimiroff (Wladimiroff JW et al 1988) have shown that in 
fetuses at risk developing future RJGR the doppler waveform of the umbilical artery 
will be affected. This can be represented by the Pulsatility Index (PI) (Fig. 9). 
Fig. 9 Measurement ofPI of umbilical artery. 
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From the flow velocity waveform, the PI is defined by the equation: 
PI = (A-B)/mean (Fig. 10). 
^^" —w ~~« »^ «^ 
: u w m& ^m mmm JL» ^mm a^T i 
1今 今1 
Mean, entire cycfe 
Pulsatility Index = - ^ ^ 
mean 
Fig, 10 Equation for the PI measurement. 
(From Zwiebel WJ 1992). , 
4.3.3 Amniotic fluid index 
In this study the AFI was measured following the techniques of Phelan 
(Phelan JP et al 1987 (I)). The patient was lying supine, using the umbilicus and 





Fig. 11 The four-quadrants technique of AFI measurement. 
(From Dildy GA et al 1992) 
"» 
In each quadrant the deepest pocket of amniotic fluid is selected. Any part of 
the fetus and the umbilical cord are excluded. Color Flow Imaging is used to detect 
the presence of the umbilical cord as in some mothers the cord may not be easily 
observed. Echoes from the cord wall are not of high amplitude and therefore can be 
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(B) Color image of the umbilical cord. Fig. 12 Color Doppler i age to d tect the presence of umbilical cord. 
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When choosing the deepest pocket in each quadrant, the posterior wall of the 
uterus was always included. The vertical depth was measured and the sum of the 
four-quadrant gave the value of AFI (Fig.l3). 
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4.3.4 Bladder volume 
The fetal BV was calculated by measuring the maximum length (L) of the 
urinary bladder in the longitudinal (LS) scan. The maximum length was obtained 
from the neck of the urinary bladder to the fundus. Then the transducer was rotated 
to 9 0 � t o obtain the transverse CTS) view and the bladder was scanned from 
superiorly to inferiorly to find the maximum transverse section. This was used to 
measure the transverse diameter or width 0^) and the AP diameter or depth (D) 
(Campbell S et al 1973) (Fig. 14). 
BV is calculated form the ovoid volume formula: 
BV = 4/3 X jr X ( L x D x W /8). (Rabinowitz R et al 1989). 
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(B) LS view 
Fig. 14 Measurement ofBV. 
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4.3.5 Fetal renal pelvis 
(A) Maximum antero-posterior (AP) diameter 
The fetal kidney was identified in the anatomical transverse plane of the 
fetus. The transducer being moved along the sagittal direction until the maximun 
diameter of the renal pelvis was obtained. The distance between the anterior and 
posterior limits of the renal pelvis were measured using the electronic calipers. 
Both sides were measured for comparison (Fig. 15). 
Fig. 15 Measurement of maximum AP diameter of the fetal renal 
pelvis. 
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(B) m 
Since there are discrepancies in defining an upper limit of normal after which 
hydronephrosis should be suspected. An index-HI was employed which is defined 
as: 
HI = AP diam of renal pelvis 
BV 
A normal value of ffl throughout the gestational age of 20-38 weeks was 
established in another study (Leung YF et al 1996). The HI value in this study (ie. at 
36-37 weeks gestational age) were compared with the previous study. Only those 
cases within the normal range were included and considered as having a normal 
renal system. 
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4.3.6 Intraobserver error techniques and calculation 
In order to test the validity of the main measurements (AFI and BV), 
intraobserver error was tested in 40 cases. In each case, the AFI and BV were 
measured three times and the error was calculated in the method according to Moore 
(Moore TR 1990). The error in three measurements was calculated by comparing 
each single measurement with the average of the three measurements. 
The error in cm and in % with SD in the 40 cases was shown in Table 6. 
Table 6 Intraobserver error in measuring AFI. 
error percent error 
mean 3.768 mm 3.215% 
SD 0.329 mm 0.289% 
•I 
Similarly the intraobserver error in measuring the BV was shown in Table 7. 
Table 7 Intraobserver error in measuring BV. 
Error percent error 
Mean 3.459 mm^ 2.217 % 
SD 0.656 mm3 0.350 % 
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In this study, the intraobserver error in AFI = 3.215% compared with other 
studies CTable 8)，the percent intraobserver error was similar. However, direct 
comparison between different studies is not possible. This is due to the difference in 
the analysis method and presentation of data (FIack NJ et al 1994). 
Table 8 Comparison with other studies in intraobserver error in AFI. 
mean error percent error 
MooreTR1990 (mean ± SEM) 5.0 ± 1 2 m m 3 .07±0 .7% 
Rutherford SE et al 1987 (I) T ^ 
Kilpatrick SJ et al 1993 3% 
This study 3.768 ± 0329 mm 3.215 ± 0.289% 
� 
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4.4 Techniques used in analysis 
The data collected were analysed using the Statistical Package for the Social 
Science，SPSS PC + programme ( SPSS Inc. Chicago USA) for personal computers. 
In this study, the variables including AFI, BV, EFW, BW, maximum 
transverse diameter of renal pelvis, gravidity, parity, PI, sex are collected. 
Descriptive statistic: mean，standard deviation (SD), maximum, minimum and 
number of case will be given for each variable. 
We used different statistical tests in different analysis including: 
(1) the student t-test was used for testing whether there was any statistical significant 
difference in sex, gravidity and parity, when the sample size was 50 and above. •t 
(2) the Mann-Whitney U test was used for the same purpose as the student t-test 
when the sample size was smaller than 30. 
(3) the paired t-test was used for testing if there was any statistical significant 
difference between right (Rt) and left (Lt) side when sample size was 50 and 
above. 
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(4) the correlation among AFl, BV and EFW was calculated if the correlation 
proved to be statistical significant. Regression analysis was used to construct 
the relationships among these variables. 
In all the tests, statistical significance was considered only when the 
probability value (p-value) was < 0.05. 
The results were expressed as the mean ± one SD. 
4 
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Chapter 5 Results 
The results are divided into three parts: 
(1) Fetal parameters to confirm the normality of the study population. 
(5.1.1 to5.1.6) 
(2) The results of the major aims of the study regarding AFI. 
(5.2.1 to 5.2.8) 
(3) Study of the relationship with the fetal urinary system. 
(53.1 to55) 
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5.1 Fetal parameters 
5.1.1 Fetal biparietal diameter (BPD) 
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Fig. 16 The distribution of BPD in the 414 pregnancies between 36 
and 37 weeks GA. 68 
5.1.2 Fetal abdominal circumference (AC) 
The distribution of AC of the 414 fetuses is shown in Fig. 17. 
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Fig. 17 The distribution of AC in the 414 pregnancies between 
36 and 37 weeks GA. 
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5.1.3 Fetal femur length (FL) 
The distribution ofFL of the 414 fetuses is shown in Fig. 18. 
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Fig. 18 The distribution ofFL in the 414 pregnancies between 36 
and 37 weeks GA. 
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5.1.4 Pulsatility index values of umbilical artery 
As discussed in section 4.3.2 IUGR or potential IUGR cases may be 
associated with a higher PI value in the umbilical artery. Therefore, only those 
cases with PI from 0.43 to 1.42 were included in this study as normal cases 
(Arduini D et al 1990). The PI measured from the umbilical artery in this study 
ranged from 0.48 to 1.41. The average PI value was 0.88 and the distribution of all 
the PI values for the whole population is shown in Table 9 and Fig. 19. 
� 
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Table 9 Pulsatility Index values in the fetuses at 36-37 weeks GA. 
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Palsat i l i ty index (PI) 
Fig. 19 Distribution ofPI for the 414 fetuses at 36-37 weeks GA. 
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The results of this study are similar to the published normal PI values of the 
umbilical artery in other populations. They are listed in Table 10. 
Table 10 Comparison of PI value with other studies. 
Range mean 
Wladimiroff JWet al 1988 0.68-0.96 o!S2 
Thompson RS et al 1988 0.45-1.25 O s 
Arduini D et al 1990 0.43-1.42 0 ^ 
Harrington K 1993 0.60-1.35 LOO 
This study 0.48-1.41 o M 
NB. The above data were for 36-37 weeks gestational age. 
\ 
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5.15 Birth weight (BW) 
In this study only those fetuses with a birth weight greater than 25 kg but 
less than 4.0 kg were included. 
The distribution of birth weight for the 414 fetuses is shown in Table 11 and 
Fig. 20. 
Table 11 Birth weight of the babies included in this study. 
Birth weight Qig) Totai 
251-2.7 B 
2.71-2.9 ‘ 39 
2.91-3.1 ^ 






1 2 0 l — 
^ H 
I I 
^ ^ ^ H ^ H | H | 
i U J i L L J 
2.605 2.805 3.005 3.205 3.405 3.605 3.805 4.005 
Blrth welght (BW) in kg 
Fig. 20 Distribution ofbirth weight for the 414 babies included in this study. 
The mean birth weight for both male and female fetuses was 3.29 kg. There 
was no difference in birth weight between male and female fetuses. The mean birth 
weight in this study compared with other studies as shown in Table 12. 
Table 12 Comparison ofbirth weight between different studies. 
Chinese (kg) 1 Caucasian (kg) 
Author Birth weight Author Birth weight 
Mason ES et al 1982 2 ^ Mason ES et al 1982 J l g 
LyonAJ 1987 3^ ChamberaIin PF et al 1984 (II) 339 
Leung SSF et al 1988 3.30 (boys)~~Lyon AJ 1987 T S 
3.10feirls) _ J 
This study 1996 3.29 Catalono PM et al 1995 ~ 3.64 (boys) 
3.47 (girls) 
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5.1.6 Estimated fetal weight 
5.1.6.1 Estimated fetal weight (EFW)-overall 
The overall distribution ofEFW of the 414 fetuses was shown in Fig. 21. 
EFW 
140 • ‘ 
— 厂 ~ V 
1 / \ I 
no, of / \ j 
cases i \ I 
i / \丨 
0^  — 1 
2 2.2 2.4 2.6 2.8 3 3.2 3.4 3.6 3.8 
EFW (Kg) 
Fig. 21 The overall distribution of EFW in 414 fetuses. 
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5.1.6.2 Estimated fetal weight-both male and female 
The EFW for male and female when plotted in the same graph was shown in 
Fig. 22. 
EFW 
" ! — i 
j lf| " * " M a f e " * " F e m a l e | 
^ / \ 
0 ^ i / ！ i i 1 1 ^ 1 
2 2.2 2.4 2.6 2.8 3 3.2 3.4 3.6 3.8 
EFW (Kg) 
Fig. 22 The distribution ofEFW in male and female fetuses. 
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The mean EFW of males in this population at 36-37 weeks was 2.98 ± 0.25 
kg. For females it was 2.96 ± 0.23 kg. The p value for the difference in EFW 
between them was 0.283 which was not statistically significant, although the male 
fetuses have a slightly bigger EFW than female fetuses. Davis (Davis R0 et al 1993 
)found similar small difference between male and female's birth weight but they 
were statistically significant. 
In this study, the EFW formula is actually an estimated fetal volume then 
translated into ‘Sveight，，. It may be that male is denser with the same volume as 
female fetuses. Therefore the male could be actually heavier than the calculated 
value. However, noted that there was also no significant difference in male and 
female birth weights in this study population suggesting that the possible density 
difference is too small to affect the results significantly. 
'i 
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5.2 Amniotic fluid index 
5.2.1 Amniotic fluid index-overall 
The AFI measured from 414 fetuses at 36-37 weeks GA were analyzed: 
The overall value of AFI were ranged from 3.9 to 36.9 cm CTable 13 and Fig. 23). 
The overall mean AFI was 15.20 ± 5.206 cm. 
Table 13 Distribution of AFI in male and female fetuses at 36-37 weeks GA. 
AFI (cm) mean AFI (cm) no of case 
M F Total 
~ 1 . 5 1 - 5 5 3505 3 2 5 
~551-95 7505 Is n ^ 
951-135 n 3 ^ 6 ^ ~ ^ ~ ~ " ^ 8 ~ ~ 
! 1351-175 15505 ^1 ^ ~ ~ " ^ 9 ~ ~ 
1 
1751-215 19505 % yi ^ 
j 
2151-255 23505 I? H 34 
2551-295 2 7 ^ 4 3 7 
29351-335 31505 2 2 5 
3351-375 35 505 2 1 3 
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AR 
140 T — 
1 . p ^ I 
1 / \ ！ 
s ^1 / \ 、：/ \ 
2ol / \ ! 
！ J v ^ 
0 1 •f®'^ » s i h- i i i i 1 
0 1 2 3 4 5 6 7 8 9 10 AR_ Fig. 23 The overall distribution of AFI in 414 fetuses. 
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5.2.2 Amniotic fluid index-male and female 
The distribution of AFI in male and female fetuses at 36-37 weeks GA is 
shown in Fig. 24. 
AFI 
^ 1 — ！ 
i ^ 一 _ I 
^^^/^ \ "^ Male "*"FerTBte | 
• A 
丨八I 
“ / V _ i 
0^  i 5 1 i i i ^ 
0 5 10 15 2D S 30 35 如 AR_ Fig. 24 The distribution of AFI in male and female fetuses. 
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The mean AFI for male fetuses was 15.3811 ± 5.373 cm. The mean AFI for 
female fetuses was 15.0191 ± 5.041 cm. 
The student t-test showed that the p value of difference in AFI between male 
and female fetuses was 0.480. Using the criteria of p < 0.05，there was no clearly 
statistically significant overall difference in AFI between male and female fetuses. 
Comparison with other populations are summarized in Table 14. 
Table 14 Comparison of mean AFI in different ethnic groups. 




Phelan JP et all987(I) USA ADR-2130 36 19* 2.8 ± 4.8* 
Phelan JP et al 1987(11)~~~USA GE RT3000 36 4 ^ 15.9 ± 4.6* 
Moore & Cayle 1990 USA Ultramark IV 36 39* 1 ^ 
A^ 
MaherJE et al 1993 USA ？ 34-36 Yi 12.2 ± 2.6 
Chinese : 
JengCJe ta l l990 Taiwan AIoka SSD 280 36-37 252* 1 6 3 ± 4 . 9 * 
This study 1996 Hong Kong~~Hong Kong 36-37 4^4 1 5 2 ± 5 2 0 6 
NB. * Date derived and adapted from corresponding reference. 
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5.2.3 The ten segments of amniotic fluid index distribution 
An alternative technique for analysing AFI differences by dividing them into 
ten approximately equal segments, according to AFI value in ascending order for 
both male and female was performed. And after excluding the extreme values of 
AFI on both sides (5% on each side, ie. for male those < 7.459 and those > 2452 
while for female those < 7.489 and those > 23522 cm )，then in each segment the 
number of case for male and female were counted and the mean AFI in each 
segment were calculated CTable 15) and the distribution was shown in Fig. 25. 
In each segment, the p value for the difference in AFI between male and 
female was also calculated fTable 15) by using the Mann-Whitney U test. 




















































































































































































































































































































1 ^ ^^ ^^ ^^ ^^""""^""^ ^^^ ^ i ^,^^^ i I _ ^ ^ x ^ I 13 7 ^^^^>r^ / ^ 
9丄 iT 1 
7-
！ "^ MALE **"FEMALE 
5 ^ 1 H h 1~— h- 1 I 1 1 
0 1 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 0 1 0 0 
Centiie 
Fig. 25 The ten segments of AFI distribution. 
to all the centiles, except the 40^ ^ centile, males had a bigger AFI value than 
the females. However only some ofthe centiles (the 20^ ^ , 70也，80也 and 90^ ^ centile) 
were statistically significant, with p values for the difference between males and 
females < 0.05. In the remaining centiles the difference between males and females 
were not statistically significant (all the p value are > 0.05). Therefore there was a 
tendency for the males to have a larger AFI values than females, and these 
tendencies were seen more towards the upper and lower centile groups. 
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5,2.4 Amniotic fluid index relationship to estimated fetal 
weight 
5.2.4.1 Amniotic fluid index with estimated fetal weight-overall 
The slight trend for larger EFWs to be accompanied by larger AFIs can be 
demonstrated in Fig. 26 where the values have been plotted shown with expansion 
of the more limited scale. 
22.00 ^ ^ ir~~ «r~ i 5 • • • . • • 
• • $ • i • • � • • I 
20.00 f • t • • 、 • * ^ • 1 ^ • •• ^. * I i • V ••恭 t . . • • 
18.00| • * Z � \ •* H • • • 
i •^^ • %. •• • • • • 丨 
i V � V • “ , • • • 
^ -oo| • V • “ t%：： • :i2l^ j^:;?^>^"^"^^^<^""^ I 
i ！ •*•^ •__*>>#i>"""^ ^^ -"^ 5r"^ <^^ ^ I 
I 1 ^ ^ ^ " ^ " ^ " ^ " " ^ ^ X ^ : : S ^ ^ - 3 ：敏 
•‘ 〜 ： : ^ P u ^ > • • • ‘ • / • � " • ! : , • izoo4 • • • • � • • • • • � • • • • i I « • • • • • � • • • f • • • / \ . : / • ^ ^ • • I 叫 • • " « • � � • : • • i •• • • • • • * I 
I ^ ^» I 
e,oo t - ^ ^ ~. 二 . 丨 • * * : _ _ ^ . . I 
2.2Q 2,40 2 60 2.80 3.00 3.20 3.40 3.60 3.80 4.00 
EFW(kg) 
Fig. 26 The distribution of AFI against EFW for the414 fetuses in an 
expanded scale. 
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The equation of the trend line in Fig. 26 represent the relationship between 
AFI and EFW 0?etween 2.8 and 3.4 kg) is : 
AFI = 10.659 + 15304 x EFW 
with R2 = 0.005 and slope of the curve is 15304. 
The slope indicates that for every kg of EFW, there is an increase of 15304 
cmofAFL 
5.2.4.2 Amniotic fluid index relationship with estimated fetal weight 
-male and female 
The mean AFI of male and female fetuses were then plotted against the EFW 
accordingly CTable 16 and Fig. 27. However, the p value for this relationship was 
0.1511，ie. > 0.05 and the correlation coefficient R^ = Q5% only. Therefore there 
was a relationship between AFI and EFW for both sexes but it was weak. 
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Table 16 Estimated fetal weight and AFI 
~~~EFW (kg) Mean AFI 
male (cm) female ( cm) 
2.51-2.7 15.254 14.450 
2.71-2.9 14.819 14.989 
2,91-3.1 15.425 14.092 
3,11-3.3 15.529 15.936 
3.31-3.5 17.148 16.653 
AFI vs EFW 
17.5 — 
-I j^ 
I � _/ 
< 15.5 - / 7 •: x f 
14 --
" ^ m a l e " ^ f e m a l e 
13.5 4 1 H——— 1 I I 
2.4 2.6 2.8 3 3,2 3.4 3.6 
EFW (kg) Fig. 27 Graph of mean AFI against EFW in male and female fetuses at 36-37 
weeks GA. (A magnified scale to confirm the presence ofa weak 
relationship). 
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5.2.5 Amniotic fluid index with gravidity and parity 
(A) overall 
The effect of gravidity and parity on AFI for the 414 fetuses were shown in 
Table 17. 
Table 17 Overall comparison of gravidity and parity with AFT in the 414 fetuses. 
Mean AFI (cm) p value 
Gi vs G^ Gi= 13.975 0008 G^ >G! 
G^=15^54 
Po vs P^ Po= 14500 0 0 0 2 ~ P ^ > Po 
P^ = 15.826 
NB. Gi: primigravid P。： primipara 
G^: multigravid P„: multipara 
It was found that the effect was significant and boih subsequent gravidity and 
parity have greater AFI than primigravidity and primipariiy. 
A comparison of the distribution of the AFI in primigravid and multigravid 
is plotted in Fig. 28a，while AFI in primipare and multipara is plotted in Fig. 28b. 
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Fig. 28a The distribution of AFI in different gravidity for the 414 fetuses. 
9 0 ] — ； ~ ~ ~ ^ 
— ^ ^ / ^ s 
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Fig. 28b The distribution of AFI in different parity for the 414 fetuses. 
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(B) Comparison of gravidity and parity with amniotic fluid index for 
different gender 
In analysing whether the gravidity and parity would affect the AFI for 
individual gender, we found that both the subsequent gravidity and parity (p value < 
0.05) had a bigger AFI for both genders CTable 18 and Table 19). 
Table 18a AFI for different gender and gravidity. 
Mean AFI (cm) 
G, (M) 14.157 
G^ (M) 15.744 — 
Gj (F) 13.779 
G^r^ ^53i^ 
Table 18b Comparison 6f gravidity with AFI. 
p value 
Gi(M) vs G^(M) 0 i 0 3 l 5 “ G ^ >G! 
Gi (F) vs G^ (F) 0.0275 G^ > G, 
Gi(M) vs Gi (F) 0.7327 
Gn(M)vs G,,(F) 05320 
91 
Table 19a AFI for different gender and parity. 
Mean AFI (cm) 
Po (M) 14.027 
P^ (M) 16.066 
P ^ ^ uJ^ 
Rj^ K 4 5 9 
Table 19b Comparison of parity with AFI 
p value 
Po (M) vs P^OVC 0 0 0 4 5 “ P n > Po 
Po (F) vs F^QP) 0.0860 
Po OV^  vs PoOF) 0.8280 
Pxx OV^  vs P^ (F) 0.3620 
NB. Gi: primigravid P。： primipara 
G^: multigravid P^: multipara 
M: male F: female 
A relationship could be established for both sexes: 
AFI = 1354 + 0.73 X (G) while R' 二 0.2672. 
AF1 = 14.49 + 0.88 x (P) while R^= 0.02053. 
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5.2.6 Amniotic fluid index with estimated fetal weight 
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Fig. 29 AFI against EFW of male and female fetuses at different 
parity. 
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5.2.6.1 Amniotic fluid index with estimated fetal weight of 
different parity for male fetuses 
18^  — — — 
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MPo： primipara male 
MPx： multipara male 
Fig. 30 AFI against EFW of different parity for male fetuses. 
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5.2.6.2 Amniotic fluid index with estimated fetal weight of 
different parity for female fetuses. 
18^ — 
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Fig. 31 AFI against EFW of different parity for female fetuses. 
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5.3 Fetal urinary bladder volume (BV) 
5.3.1 Bladder volume-overall 
The overall distribution ofBV of the 414 fetuses were shown in Fig. 32. The 
overall mean BV value was 15.57 土 9.39 cm^. 
Fetal BUidder Volume 
90 T —/ ^ ^ 
i ^1 / \ I i / \ 
g ^ 1 \ 30j V ^ — ^ v 
1�l ^ \ I 
^ " ^ — ^ 
0 ^ ^ i H~ i H f——^  1 1 H 
0 5 10 15 20 25 30 35 40 45 50 
Volume (cm^) 
Fig. 32 The distribution ofBV in 414 fetuses. 
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53.2 Bladder volume-male and female 
The range and mean value of the BV for both sex were shown in Table 20. 
Table 20 Measurement ofBV for male and female fetus. 
M(cm3) F(cm3) 
mean BV ± SD 13.9309 ± 8.433 172160 ± 10.018 
~~lowest value 0.830 1.610 
~"largest value 47.10 ~~49.730 
The mean BV in female was 17.2160 cm^ and in male was 13.9309 cm^. By 
using the t-test, the p value of the difference in BV was < 0.0001 which was much 
less than 0.05. The difference in BV was statistically significant. Therefore female 
fetuses had a bigger BV than male. The distribution of BV were shown in Table 21 
and Fig. 33. 
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Table 21 Distribution of BV in male and female fetuses at 36-37 weeks GA. 
BV (cm^) mean BV (cm^) no of case 
M F 
~~TsT55 3505 n 23 
~551-95 75^ 52 ^ 
951-135 1 1 5 0 5 . 5 0 3 0 
1351-175 15505 l8 33 
17^1-21^ 19505 ^ 36 
21^1-25^ 23505 l5 l6 
25^1-29^ 27305 6 l7 
2951-33J 31505 5 9 
3 3 ^ 1 - 3 7 ^ 35505 4 5 
37^1-41^ - 39505 2 1 
4 1 ^ 1 - 4 5 ^ 43^05 1 4 
4 5 j l - 4 9 5 47^05 1 4 
98 
Fetal bladder volume 60 — — — — 
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| : ^ V J 
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Fig. 33 The distribution of BV in male and female fetuses. 
Female fetuses have a bigger BV than male fetuses. 
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5.3.3 Bladder volume with estimated fetal weight-overall 
A graph ofBV was plotted against EFW for the 414 fetuses (Fig. 34). 
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Fig. 34 The mean BV against estimated fetal weight in 
the 414 fetuses. 
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5.3.4 Bladder volume with estimated fetal weight in both 
male and female 
A graph of mean BV was plotted against the EFW (Table 22 and Fig. 35). 
Table 22 Values of EFW and BV for the fetuses at 36-37 weeks GA. 
EFW (kg) Mean BV 
. M (cm) F (cm) 
251-2.7 1 1 ^ nTm 
2.71-2.9 l 2 5 % l 5 ^ 
2.91-3.1 14200 l6449 
3.11-3.3 l6^4^ l 8 ^ 
331-35 fTm 254^ 
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mean +/- 2SD of BV vs EFW 
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Fig. 35 Relationship between mean bladder volume and estimated fetal weight 
for male and female fetuses at 36-37 weeks GA. 
The p value for this relationship was 0.0001 which was less than 0.05. . ^ 
Therefore the relationship was significant although the correlation coefficient R 二 
0.04448 only. Therefore there was a correlation between BV and EFW. The 
equation for this relationship was: 
BV 二 4.5909 (EFW) + 3.36587 (Sex) 
NB. Sex = 1 for male 
Sex = 2 for female 
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5.3.5 Bladder volume with gravidity and parity 
The relationship between BV with G and P were analysed in Table 23-25. 
Table 23 Overall comparison of G and P with BV for the 414 fetuses. 
Mean BV (cm^) p value 
Gi vs G^ Gi = 16.131 0523 
G^ = 15.438 
Pi vs P^ Po = 16.172 0 3 ^ 
P^ = 15.263 
Table 24a BV for different gender and gravidity. 
Mean BV (cm')~~ 
~ ~ G i (M) n i ^ 
~ G ^ (M) K m 
~ ~ G j (F) 18589 
~ G x “ F ) 1^ 
Table 24b Comparison of gravidity with BV. 
p value 
Gi m vs G^ m 0S27 
Gi (F) vs G^ (F) 0301 
Gi (M) vs Gi (F) 0.024 F > M 
G^ 0V1) vs G^(F) 0.003 F > M 
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Table 25a BV for different gender and parity. 
~ ~ 1 Mean BV (cm') 
p；^ 13.848 
P；：；：^ OT4 
p 7 ^ 18^62 
^ 1 ^ 
Table 25b Comparison of parity with BV. 
p value 
Po (M) vs P„ OV® 0.893 
Po (V) vs P^ OF) 0.164 
Po 脚 vs Po OF) 0.002 F > M 
P^ OV^  vs P^ (¥) 0.013 F > M 
NB Gf. primigravid P � : primipara 
G^ : multigravid P^ : multipara 
M: male F: female 
These results indicate that for a fetus of the same sex, parity and gravidity 
have little effect. The striking difference in both gravidity and parity showing that 
the mean female BV is higher than the male, is a reaffirmation of the difference 
between male and female. 
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5.3.6 Bladder volume with amniotic fluid index 
2 There was a weak relationship between AFI and BV since the R value for 
such relationship was 0.77% only (Fig. 36). 
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Fig. 36 The distribution ofAFI against BV for the 414 fetuses. 
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5.4 Antero-posterior diameter of the fetal renal pelvis 
The maximum AP diameter of the renal pelvis in TS view of right and left 
sides were measured in both sexes. The mean AP diameter of the renal pelvis for 
both sexes are summarized in Table 26. 
Table 26 Mean AP diameter of renal pelvis for the fetuses at 36-37 weeks GA. 
male female 
AP diam of renal pelvis ~~"mean (cm) ± SD mean(cm) ±SD 
Rt side 2.686 ± 0.93 2.460 ± 0.87~~ 
Lt side 2.638 ± 0.86 2.351 ± 0.88~~~ 
There was no statistically significant difference between the right and left 
side for both sexes with p value 二 0.074 which was > 0.05. 
However there was a statistically significant difference in AP diameter of the 
renal pelvis between the male and female fetuses with a p value = 0.006 which was 
< 0.05. The male has a greater AP diameter of the renal pelvis than the female. 
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5.5 Hydronephrosis index values 
The HI for male and female is shown in Table 27. 
Table 27 HI for male and female fetuses at 36-37 weeks GA. 
ffl M F 
RTiIdi ^ ^ 
ETsIde m ^ 
It was found that there was no statistically significant difference in HI 
between right and left sides (p value = 0.125). 
However, the male has a bigger HI than female that was statistically 
significant for both sides ¢) value = 0.0005) 
When compared with the previous study (Leung YF et al 1996)，the normal 
value of HI from 28-38 weeks GA was 253. The mean HI value in this study was 
similar . 
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Chapter 6 Discussion 
6.1 Review of the study 
Results: Summary of the major findings 
(1) Measurements of fetal parameters confirmed that the population included in this 
study could be considered to be normal for the Hong Kong population. 
(2) AFI for Hong Kong Chinese is larger than the combined data for western 
populations. (15.20 cm in this study compared with mean = 14.00 cm for western 
data. Table 14). 
(3) There was no statistical difference in the overall AFI measurements between 
male and female fetuses, but when the AFI results are segmented there were 
statistically significant differences especially at upper and lower value segments 
where males showed a slighter increased compared with the females. 
(4) A weak relationship was found between estimated fetal weight and AFI. For 
every 1 kg of EFW, AFI increased by 1.53 cm. (Fig. 26) (incorporating the 
observation of Dildy GA et al 1992, this could be translated into every 1 kg 
EFW should be accompanied by 102 mls amniotic fluid). 
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(5) A very clear relationship could be seen between parity and AFI in both sexes. 
The AFI is much larger in subsequent parity. This effect was more than the 
effect of sex or EFW. 
(6) A weak relationship can be established between AFI and BV. 
(7) A clear relationship between fetal bladder volume and renal pelvic diameter 
could not be established but an unusual and unexpected gender difference was 
revealed, with a disparity of bladder volume and renal pelvic diameter between 
the sexes, graphically illustrated in Fig. 37. 
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w ^ 
Male fetus Female fetus 
Fig. 37 Summary of the results in this study. 
NB. If the face represent the amount of AFV, 
the eyes represent the maximum AP diam of the renal pelvis, 
the mouth represent the BV, 
then the size of the face should be equal for both sexes but male has 
bigger eyes and a smaller mouth than female. 
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6.2 Discussion on subject 
6.2.1 Gestational age chosen 
The gestational age chosen for this study was 36-37 weeks. It has been 
reported that the AFV follows a rise, plateau and fall pattem in normal pregnancy 
(Fig. 5). The gestational age of 36 to 37 weeks was chosen as the study period for 
the following reasons: 
(a) relative steady state is best for gathering measurements for 
comparison. 
¢ ) Of particular interest would be oligohydramnios which would be more 
likely to be most marked at the end of the stable period if secondary to 
IUGR. Therefore accurate establishment of normal would avoid 
identifying too many false results, either with negative or positive, not 
only for this period but probably clinically useful back to 30 weeks GA. 
(c) This period chosen enabled comparison with other studies. 
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6.2.2 Subject preparation 
No special preparation was required in this study. 
With regard to fasting it has been stated that a higher mean blood glucose 
level was associated with an increase in AFI (Barr-Hava I et al 1994). However, the 
study has been shown to affect the mothers with gestational diabetes only. There is 
no information regarding normal pregnancies. 
Yasuhi 0^aushi I et al 1994) showed that the fetal urine production increased 
after the mother has a meal. However，his study included only 14 fetuses. If the 
mother was fasted, the fetal BV was 19.7 ± 9 3 cm^ and increased to 23.3 ± 14.1 cm^ 
in immediate post prandial state. Therefore there was an 18.8% increase in BV. 
Hence theoretically the maximum error for BV estimation could be as much as 
18.8% if we do not consider the nutritional state. In this study, the nutritional state 
of the mother ranged from fasting to post prandial. Therefore the overall error in 
measuring BV should be less than 18.8%. 
Finally，all the previous study on AFI were taken with no special preparation. 
(Bames JS et al 1972，Lind T et al 1972，Queenan JT et al 1972, Manning FA et al 
1981 (I), Chamberlain PF et al 1984 ①，Phelan JP et al 1987 (I) (II)，Rutherford SE 
et al 1987 �（II)，Jeng CJ et al 1990，Moore TR & Cayle JE 1990，Wax JR et al 
1993, Yancey MK et al 1994). 
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With regard to hydration, Kilpatrick (Kilpatrick SJ et al 1993) showed that 
AFI increased by up to 16% with increasing matemal oral hydration in normal 
pregnancies. Bush (Bush I et al 1996) showed that AFI increased if intravenous 
fluid was loaded in the patients with oligohydramnios. 
However, Flack (Rack NJ et al 1995), Kerr (^err J et al 1996) and Boyle 
(Boyle J et al 1996) all showed that matemal hydration was not associated with 
change in the AFI in normal pregnancy but hydration did increase the AFI in women 
with oligohydramnios, while the mechanism for this effect remained unclear. 
Flack also showed that the urine production rate did not change after 
matemal hydration which was different from Yasuhi. 
Finally Hoddick ^Ioddick WK et al 1985) showed that matemal hydration is 
not a major cause of the minimal fetal pyelectasis. 
Therefore the influence of fasting and overhydration are not well established. 
The mothers entering this study were therefore not discomfited by any change in 
their normal daily routine. 
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6.3 Discussion of method 
6.3.1 Equipment 
(1) Accuracy of system 
(a) of individual transducer 
Curvilinear array transducers were used. The angular configuration of the 
ultrasound crystals and the curvilinear array may result in an overestimations of the 
amniotic fluid by simple geometry (Meyer BA et al 1996). In a study by Del Valle 
(Del Valle GO et al 1994) found that AFI values obtained with the sector or convex 
(curved linear) transducers were as reliable as those obtained with the linear 
transducer. 
0)) at depth 
The accuracy of the dimension of the objects we measured is affected by the 
depth of the object in relation to the transducer position. This is because lateral 
resolution is affected by the beam diameter. As the distance from the transducer 
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increase, the beam diameter increase also (in the far zone). Thus the lateral 
resolution decreases (Fig. 38). In other words, the deeper the object, the more 
inaccurate the measurement will be. This would be similar for linear and curved 
array transducers. It has to be assumed that these errors are similar for all published 
studies and can be ignored. 
- [ ^ _ ^ ^ ^ 
_ U ^ - ^ ' 
Transducer near zone far zone beam diameter 
' • 
Fig. 38 Beam diameter for an unfocused disc transducer in the 
continuous wave mode. 
(2) Transducer angle 
The transducer head was placed on the matemal abdomen along the 
longitudinal axis of the mother with the transducer head maintained perpendicular to 
the floor (Fig. 39). 
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Fig. 39 The transducer head should always be maintained perpendicular to 
the floor according to Phelan. (Phelan JP 1993). 
However, in a study using MRI showed that there was no difference in using 
the perpendicular to the floor or perpendicular to the uterine contour approach. The 
correlation between these two approach was 0.98 (Chu WCW et al 1996). Therefore 
slight variation form perpendicular unlikely to be significant. 
(3) Transducer pressure 
AFI measurement is highly sensitive to the applied abdominal pressure. 
Therefore same transducer pressure should be applied to the matemal abdomen in 
each scan to minimize the error arise from overestimation if too low pressure, or 
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underestimation if too high pressure were applied. Hack (Flack NJ et al 1994) in a 
study compared medium, low and high pressure of the transducer used and found 
that low pressure (15 cm H2O) resulted in a 13% increased in AFI and high pressure 
(65 cm H2O) resulted in a 21% fall in AFI. Therefore medium pressure (35 cm H2O) 
should be maintained in all measurements. It was found that the usual pressure 
exerted on the matemal abdomen to obtain the BPD varied from 22 to 77 cm H2O. 
Therefore medium pressure was used during the routine scanning (Flack NJ et al 
1994). 
6.3.2 Technique 
(1) Errors in measuring AFI 
(a) Fetal movement 
As each quadrant requires a finite time to examine and measure there is 
sufficient time for alternations to occur as a result of fetal movement. 
However it has been shown that this only affects the measurement by a mean 
change in AFI of 15 ± 0.1 cm (Wax JR et al 1993). 
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0^) Placental location 
Del Valle (Del Valle GO et al 1994) found that the placental location did not 
affect the AFI measurement but Pistoia (Pistoia L et al 1995) found that 
anterior placenta was associated with a higher AFI value. Therefore no 
conclusion can be drawn regarding placental location. 
(c) Environmental factors 
Yancey found that pregnant women living at high altitude (6000 ft) had a 
significantly increased AFI. He found that the incidence of polyhydramnios 
in high altitude group was 6% when compared with 3% in sea level women 
0^ancey MK et al 1994). However in the current study, this variation was 
not a factor since all the measurements were made in the same hospital, ie. 
with the population living at a similar altitude. 
(d) Artifact 
The ultrasound artifacts may cause trouble for those inexperienced 
sonographers. Anterior reverberation artifacts may obscure fluid anteriorly 
and the border of the anterior uterine wall may be difficult to visualize. This 
poor visualization may lead to poor placement of calipers. In late pregnancy 
fluid may be difficult to identify, particularly in obese patients (Pistoia L et 
al 1995). Obesity of the level found in westem studies is rare among this 
population, and these artifacts were therefore insignificant. 
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(e) Dildy found when using the AFI method, there were overestimations at lower 
volumes (88.7%) and underestimations (53.9%) at higher volumes. The 
overestimation at lower volumes may be due to the inclusion of umbilical 
cord in fluid pocket. Underestimation may be due to incomplete 
measurement of amniotic fluid depth posteriorly (Dildy GA et al 1992). 
Both of these possibilities were carefully excluded from this study. 
(f) Dildy also noted that the major source of error in AFI method was 
that one-dimensional measurements were being used to estimate 
the volume of a three-dimensional object with a complex shape. 
Simple relationships between one and three-dimensional 
parameters do not exist if the shape of the object is complex (Dildy 
GA et al 1992). However, we are studying the overall values of 
AFI in a large population, notjust in one individual. Therefore the 
error caused by this become less significant in trying to establish overall 
trends. 
(2) Accuracy of bladder volume measurement 
Many studies in adults (McLean GK et al 1978, Williot P et al 1989, 
Maymon R et al 1991, Coombes GM et al 1994) have shown that the accuracy of 
using ultrasound was sufficient for most clinical purposes. Riccabona and Gilja 
(Riccabona M et al 1996 and Gilja OH et al 1994) improved the accuracy in the 
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measurement of BV by using a three-dimensional ultrasonography technique. 
Riccabona found an overall mean absolute error of 4.9% using 3D compared to 
275% using only two measurements in a single plane. Light (Light K et al 1995) 
used the magnetic resonance imaging (MRI) method to calculate the BV on adult 
and found that the coefficient of error of about 5% only by comparing the actual 
volume of urine voided with the measured one by the MRI method. 
The three plane method was used in this study for its greater accuracy. 
Hedriana (Hedriana HL et al 1994) developed a simpler but equally accurate 
method requiring fewer measurement. He studied 11 dead fetus with 927 sets of 
measurements, found that the mean error in applying the ovoid volume formula was 
6.4 ± 14.1 mL(r = 0.92). Therefore the ovoid volume formula overpredicted the true 
volumes. He then used the regression method to convert the sagittal and coronal 
areas into volumes with the regression equation of 0.46323 + 1.39694 x sagittal area 
(r = 0.95) and 1.20640 + 1.07603 x coronal area (r = 0.94). He found that the best 
prediction was the sagittal area measurement. This is not surprising as the transverse 
measurements tend to be limited more by surrounding structures than the sagittal. 
However Hedriana used dead fetuses while the actual living physiological status 
may be different. 
Griffiths (Griffiths GJ et al 1986) tried to establish other equations to 
improve the accuracy in calculating the BV. He compared six calculation methods 
and found the empirical formula of BV = Al x W was the most accurate (mean 
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accuracy = 1.17 which was the highest compared with other five equations). (Al = 
measured area in the longitudinal image and W = width of the bladder). However, 
the drawback of this formula was that the underlying assumption that the 
longitudinal section is constant across the width of the bladder is not appropriate. 
Table 28 has compared the various BV equations. 
Table 28 Comparison on the accuracy of various BV measurement equations. 
Author year no. of subject selected measurement accuracy 
Campbell S 1973 50 fetuses ovoid volume formula error = 0.7 ml 
Roehrbom CG 1988 81 adults ovoid volume formula relationship between 
calculated and actual 
BV, r = 0.982 
Hedriana HL 1984 11 dead ovoid volume formula error = 6.4 ml r= 0.92 
fetuses sagittal area formula error = 0 ml r= 0.95 
coronal area formula error = 0 ml r= 0.94 
Griffith CJ 1986 10 adults empirical formula mean accuracy = 1.17 
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Campbell found that the mean error in applying this equation was 0.7 ml 
only (Campbell S et al 1973). Also Roehrbom (Roehrbom CG et al 1988) found the 
ovoid volume formula was the most accurate in predicting the actual BV measured 
by in-and-out catheterization in adult (r = 0.982). 
In this study the ovoid volume formula was used because it is simple and 
widely accepted method in obstetric studies. Also because it is probably the most 
practical from the point of view of errors. 
(3) Errors in measuring fetal bladder volume ^BV) 
(a) Different fetal bladder shape 
First is the difference shape of the urinary bladder at different stage of filling. 
The ovoid volume formula is fits the ellipsoid shape, but the bladder may be pear 
shaped, spherical or irregular in shape (Fig. 40). Bladder shape is too variable to be 
described adequately by one geometrical formula. 
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Fig. 40 Different shape of the urinary baldder. 
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(b) Fetal position 
Fetal position is important due to the overshadowing from the iliac bone or 
the fetal spine. Often it is not possible to visualize the neck of the urinary bladder 
clearly (Fig. 41). This requires an oblique position of the ultrasound probe to avoid 
the shadowing from these dense bone. This may add error to any longitudinal 
measurement. 
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(c) Circadian rhythm 
Chamberlain (Chamberlain PF et al 1984 (I)) found that there was a circadian 
rhythm in BV in the term fetus. There was a significant decreased in fetal BV from 
12 midnight to 6 am. However all the measurements in this study were carried out 
between 9 am. to 7 pm. 
(d) Frequency of voiding 
The frequency of voiding may be different at different behavioral status of 
the fetus (Oosterhof H et al 1993，Ohel G et al 1995). Ohel reported that voiding 
occurred mainly in the awakeness phase. In infants also voiding occurs only during 
wakefulness Qfeung CK et al 1995). However, Oosterhof stated that in the fetus 
voiding occurred in the active sleep state. Therefore there is currently no consensus 
regarding fetal voiding and sleep state. 
(e) Ultrasonography itself also introduces some error. The principal source of 
error is the limited lateral resolution of the ultrasound beam. The bladder wall 
not being perpendicular to the ultrasound beam is not well defined. Thus 
measurement of one of that diameter is less accurate. Also the resolution of the 
ultrasound beam will vary from patient to patient. This depends on the 
thickness of the matemal anterior abdominal wall, presence of the anterior 
placenta, and depth of the fetal bladder in relation to the transducer position. The 
deeper the bladder the more inaccurate the measurement. This is because lateral 
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resolution is affected by the beam diameter. As the distance from the transducer 
increase, the beam diameter increases also (in the far zone). Therefore the lateral 
resolution decreases (Fig. 38). 
(f) Ravichandran (Ravichandran G et al 1983) have shown that the ultrasound 
method has a tendency to underestimate at lower volumes and overestimate 
at higher volumes. While for small BV, the error may be large (Hakenberg 
OW et al l983, Griffiths GJ et al 1986，Roehrbom CG et al 1988). 
(4) Error in measuring AP diameter of the renal pelvis 
The accuracy of measuring the AP diameter of the renal pelvis was affected 
by depth as for the bladder also. Therefore the deeper the kidney, the more 
inaccurate the measurements. 
Betz CBetz BW et al 1991) showed that the fetal renal pelvis was unlikely to 
confused with the fetal renal vein. This is an occasional problem in adult ultrasound. 
Therefore, routine use of colour Doppler ultrasound to distinguish renal vasculature 
from a dilated collecting system as in adult was not considered necessary. 
The AP diam rather than the transverse diam. of the fetal renal pelvis was 
measured to avoid error due to the presence of an extra-renal pelvis. 
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6.4 Discussion on results 
6.4.1 Normality of population 
The population chosen in this study were all normal subjects. The normality 
of this population was proven by including only those fetuses that fulfilled local 
normal measurement parameters (Results 5.1). The BPD, AC, FL measured were all 
fitted into the ± 2 SD range of the local population. The PI values of the umbilical 
artery and birth weight fitted into the range of the normal population. The PI value 
has been suggested as a screening tool for IUGR with values of less than 1.42 at 36-
37 weeks GA, having a sensitivity of 60.8 % and specificity of 73% (Arduini D et 
al 1987，Arduini D et al 1990). All the pregnancies included had PI values below 
this cut off but when compared with the Caucasian, the PI values were smaller than 
the published normal Caucasian PI values fTable 10). PI value is considered to be a 
measurement of the resistance to blood flow. If PI increases, the resistance to blood 
flow in the vessel increases. Therefore placental perfusion may be impaired. A low 
PI value implies a decrease of vascular resistance, and the lower the PI value, the 
less likelihood ofIUGR. 
The lower PI values might suggest that the Chinese babies in this study 
might therefore be heavier than in Caucasian series. However, the mean birth 
weight in this study (3.29 kg) was generally lighter than the Caucasian fTable 12). 
As IUGR leads to low birth weight and one of the major reasons for estimating AFV 
is to help detect potential IUGR cases, the lighter Chinese babies need further 
discussion: 
128 
6.4.2 Low birth weightAUGR in Chinese and Caucasians 
Perinatal mortality is mainly determined by: congenital abnormalities, low 
birth weight (LBW) and hypoxia (Chamberlain G 1979). Therefore LBW is a 
potentially treatable cause of higher morbidity and impaired development during 
childhood, hence the importance of its possible development. 
Low birth weight (LBW) is defined as any weight between 15 kg and 25 kg. 
Therefore in a population with generally lower birth weight one might expect a 
greater incidence of LBW than in a population with generally heavier babies. 
However despite this obvious expectation the converse appears to be true in this 
population. 
The reported incidence of low birth weight (LBW) or small for GA (SGA) in 
the Caucasian is greater than in the Chinese. The incidence of LBW or SGA in 
Colorado (USA) is 8.2% (Mccurdy RS 1984)，in Cardiffis 8.7% (Chalmers 1 1980), 
6.9% in UK (Chamberlain G 1979)，8.8% in Brazil (Barros FC et al 1986), and 4.3% 
for the British in Hong Kong (Lyon AJ 1987). Compare with the LBW rate for the 
Chinese in Hong Kong was 2.9% only in Lyon's study (Lyon AJ 1987) and 4.7% in 
Shanghai (Chalmers 1 1980) (Table 29). 
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Table 29 LBW in various ethnic groups. 
Chinese Caucasian 
Author Country~~ Year"""f% Author Country~ Year % 
Chalmer I~"Shanghai~"72-76~"~4J~~LyonAJ British in~"81-85~~43~ 
ffi 
LyonAJ M 81-85~~"l9~~Chamberlain G~~UK ^ 6.9 
Mccurdy RS U^X l 0 s T " 
Chalmers I UK ^ sTT" 
Barros FC Brazil ^ 8.8 
Lyon (Lyon AJ 1987) showed that Chinese mothers have a much lower 
incidence of LBW and other adverse outcomes: such as preterm and multiple births, 
lethal congenital abnormalities, perinatal mortality rate. He concluded that the 
reason for this difference might be due to the better health of the Chinese mothers 
leading to healthier babies with fewer problems. 
Beischer (Beischer NA et al 1984) suggested that Chinese communities had a 
better standard of nutrition than the so-called developed countries since obesity and 
hypertension were much less common in Chinese pregnant women. Smoking, 
excessive alcohol consumption, genital infections and teenage pregnancy were all 
associated with hypertensive disease in pregnancy, and smoking during pregnancy 
which has been associated with IUGR is also less common among Chinese women. 
Excessive alcohol consumption and genital infections and teenage pregnancy are all 
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less common in the Chinese women also. Therefore many of the factors associated 
with growth retardation were less common in Chinese than in Caucasian mothers. 
Mason (Mason ES et al 1982) showed that although Asian infants were 
lighter at birth, their rate of weight gain did not differ significantly from their white 
Caucasian counterparts. In other words there was no catch-up growth as seen 
following IUGR. 
Lau (Lau SP et al 1984) suggested that the low incidence of LBW in Chinese 
could not be explained by environmental factors since the social and economic status 
of HK and Shanghai are different from each other yet also very different and 
inferior to most developed countries. It was more likely to be due to a biological 
factor inherent to the Chinese. Although it is interesting to note that the lowest 
figures for LBW babies amongst westerners were recorded in those living in Hong 
Kong. Whether the differences are due to ethnic, social or environment factors 
deserves further investigation, but is beyond the scope of this study. 
We can conclude that although Chinese babies are slightly lighter than 
westem ones, this is not associated with an increase in LBW or SGA outcomes. In 
fact the converse is true suggesting that although smaller, Chinese babies are 
generally “ healthier". 
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6.4.3 Cut-off points to detect oligohydramnios and polyhydramnios 
6.4.3.1 Amniotic fluid volume 
AFV plays a significant role in predicting perinatal outcome. Chamberlain 
PF et al 1984(11), (111)，Rutherford SE et al 1987 (II), and Baron C et al 1995 
showed that oligohydramnios was associated with IUGR. If our population is 
smaller in weight for the reasons of IUGR, then the AFI measurement should be 
skewed to lower values. However, in comparison with cther studies (Table 14)，our 
Chinese population generally has a bigger AFI instead. If our population is 
healthier, then the AFI will not be low compared to the West. Therefore although 
Chinese babies are lighter than the Caucasian (Table 12), they have larger AFI 
(mean of appropriate gestational age from four Caucasian studies was 14.0 cm. 
Mean of this and Taiwanese study was 15.2 cm). If we accept that smaller AFV/AFI 
are associated with an increased potential for poor outcome, then the larger general 
AFI suggests, again, that Chinese babies are "healthier" in this respect. 
This is also in agreement with the PI findings in this study. Although it is 
not possible to subject the data to a statistical analysis comparison of the findings in 
this study and those in the West suggests that PI is inversely related to AFV. 
The first major finding of this study is that the range of normal AFI 
measurement is different from those published in the West. The difference between 
studies could be due, either in part or in whole, to difference in the equipment used 
132 
and Phelan suggested this as a possible explanation for the discrepancies in his two 
studies. However, Wax O^ax JR et al 1993) showed that fetal movement, Delvalle 
(Delvalle GO et al 1994) showed that different type of transducer used and Chu 
(Chu WCW et al 1996) found that different obliquity of transducer orientation 
showed no significant difference in AFI measurement. Therefore the differences in 
the results of this study are unlikely to be due to technical error. 
In general Chinese pregnancies have more liquor. Does this shift signify that 
the parameters for identifying IUGR should be different or the same as in Chinese 
and Caucasian pregnancies? 
� 
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6.4.3 2 Cut-off points for oligohydramnios and polyhydramnios 
There are three methods to find out the cut-off points of oligohydramnios and 
polyhydramnios for any population. They are the 1) "guesstimate"，2) use of a 
mathematical model, 3) empirically derived. 
1) "Guesstimate" 
Phelan et al in their original papers never explained why they chose the cut 
off points they did. Therefore we can only conclude that these points were chosen 
intuitively and based on experience ie. a "guesstiamte". They suggested that cut-off 
point for oligohydramnios should to be 5 cm and that for polyhydramnios to be 20 
cm (later revised to 24 cm). 
2) Mathematical model 
A mathematical model is related to the prevalence of abnormalities. It is 
based on statistically derived values. We may use either the standard deviation (SD) 
method or the centile method. 
Following Moore & Calye (Moore TR et al 1990)，Jeng (Jeng CJ et al 1990) 
and Brace (Brace RA et al 1989), a statistical definition of abnormal AFI can be 
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made so that limits can be set for oligohydramnios and polyhydramnios based on 
our own population. 
(i) Cut-off points for oligohydramnios and polyhydramnios using centile method. 
The cut-off points for this study when using the centile method are shown in 
Fig. 42 and Table 30. The chosen centile being the 5th and 95th centile. 
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Fig. 42 Cut-ofF points of oligohydramnios and polyhydramnios, 
using the centile method. 
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Table 30 Cut-off points for oligohydramnios and polyhydramnios-centile method at 
the 5th and 95th centile. 
Oligohydramnios (cm) Polyhydramnios (cm) 
M 7.459 ~~24.520 
_ 7 489 23.522 
(ii) Cut-off points for oligohydramnios and polyhydramnios using standard 
deviation. 
We can use another approach to calculate the cut-off point for 
oligohydramnios and polyhydramnios also. This is the standard deviation (SD) 
method. From this approach, the calculated cut-off points for oligohydramnios and 
polyhydramnios using 2 SDs are shown in Fig.43 and Table 31. 
AFI 
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Fig. 43 Cut-off points of oligohydramnios and polyhydramnios, using the 2 
SD method. 
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Table 31 Cut-off points for oligohydramnios and polyhydramnios-2 SD method. 
oligohydramnios (cm) polyhydramnios (cm) 
Overall 4.788 25.612 
( M & F ) 
M 4 l ^ 26.127 
F 4 ^ ‘ 25.101 
In this population, the mean AFI in the male (153811 cm) was greater than 
in the female (15.0191 cm) though the overall difference was not statistically 
significant. Males had a statistically significant bigger AFT than female in certain 
centiles (20出，70*^，80'^  and 90出 where p < 0.05). In the remaining centiles (except 
4Qth), males still had a bigger AFI value although it was not statistically significant. 
Therefore there is a sex difference in the AFI in the two extreme ends. The lower 
limit or the lower cut-off point below which oligohydramnios could occur should be 
different for different sexes. The need for accepting a difference in measurement for 
each sex is not only the statistically derived limits outlined above but also that 
IUGR incidence is different for the sexes. It is more common in female than in male 
fetuses (odd ratio 1.39，95% confidence interval 1.06 to 1.82) (Spinillo A et al 
1994). Similarly, the upper cut-off point above which polyhydramnios would occur 
should be different also. 
Therefore using an arbitrary SD (or centile based) cut-off we should expect 
males to have a larger values in the cut-off points for both oligohydramnios and 
polyhydramnios when compared with the female fetuses. 
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However, the final results show that males have a larger value in the cut-off 
point for polyhydramnios than females but smaller value in cut-off point for 
oligohydramnios instead, in both centile and 2 SD methods (Table 32 and Fig. 44). 
Table 32 Comparison of centile and 2 SD method in cut-off points of 
oligohydramnios and polyhydramnios. 
Method oligohydramnios (cm) polyhydramnios (cm) 
centile M: 7.459 M: 24.520 
F: 7.489 F: 23.522 
2 S D M: 4.635 M:26.127 
F; 4.937 F: 25.101 
AFI 
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Fig. 44 Comparison of centile and 2SD method. 
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This appears to be contradictory to what could be expected, but can be 
explained by the fact that there was no statistically significant difference in AFI 
between male and female in the 10'^  centile. Therefore the cut-off point for 
oligohydramnios did not follow the rule that the male has a larger AFI. 
Therefore the same amount of AFI or AFV, may be considered as normal 
for a male fetus but abnormal for a female. For instance a measured AFI of 24 cm, 
in the centile method should be considered as polyhydramnios in a female but still 
be normal for the male. If the measured AFI was 7.47 cm, it would be normal in the 
male but suggest oligohydramnios for the female. 
The selection of which method to use in practice or the actual cut off point is 
a choice between sensitivity and specificity. 
Comparing the centile with the 2 SD method, the centile method shows a 
narrower range of AFI for the normal population than the 2 SD method. So the 
specificity in detecting oligohydramnios and polyhydramnios will be higher in the 2 
SD method but the sensitivity will be lower. 
Among the various past study, Moore & Cayle (Moore TR and Cayle JE 
1990) and Jeng (Jeng CJ et al 1990) used the centile method to define cut-off point 
for oligohydramnios and polyhydramnios. While Carlson (Carlson DE et al 1990) 
used the standard deviation method. 
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The cut-off points derived in this study are specific for the gestational age of 
36-37 weeks and different from Phelan's et al. However Baron (Baron C et al 
1995) and Divon (Divon MY et al 1995) supported Phelan's definition of 
oligohydramnios as AFI < 5 cm in predicting the potential fetal compromise. They 
were based on the empirically derived method as describe below. 
3) Empirically derived 
The ideal clinically practical method of determining interpretation of 
numerical date is to study the actual distribution of the abnormalities one is seeking 
to detect in relation to the numerical date obtained. 
With sufficient data it should be possible to derive a percentage probability 
of an abnormality being present for a particular level of measurement. 
In the absence of adequate data we have to revert to Method 1 and 2 above. 
But this raises the question that from the currently available data should the cut-off 
points be adjusted at all? 
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6.4.3.3 Should Chinese have their own cut-off points? 
It may be argued that the cut-off points should be adjusted for different race 
and gender. 
Looking at the overall figures, despite small differences in the actual 
numerical values there are striking similarities in the derived cut off points in this 
study and published data from the west. The mean AFI values for oligohydramnios 
in this study when judged by the 2 SD method were 4.6 cm for the male and 4.9 cm 
for the female fetus. This is very close (for practical purposes) to the 5.0cm 
suggested by Phelan (Phelan JP et al 1987 (I)), Rutherford (Rutherford SE et al 
1987(II)) and Baron (Baron C et al 1995). The larger value derived from the centile 
method: 75 cm for both male and female agreed well for practical purposes, with 
the centile cut-off points of 7.7 cm (Moore and Cayle 1990) and 8cm (Jeng CJ et al 
1990). 
However, as there are fewer LBW babies in the study population, these 
figures may still prove to be too high. Only an empirical study could settle this 
issue. 
With regard to polyhydramnios again the centile methods are in good 
agreement with those of Moore and Cayle (1990) and Jeng CJ (1990) who suggest 
24.9 cm and 24 cm respectively. These compare with the 245 cm (male) and 235 
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cm (female) cut-offs in this study, and, in passing, with the arbitrary 24 cm 
suggested by Phelan. 
However, when the 2 SD method is used, the figures in this study are 
notably bigger (26 cm for male and 25 cm for female) than Carlson's (24 cm). 
Therefore without the benefit of an empirical trial one would suspect that the 
best choice for this population would be between 4.0 and 5.0 cm for 
oligohydramnios and above 25 cm or 25 cm for females and 26 cm for males for 
polyhydramnios. 
The interesting original observation of this study is that there is a small 
difference between the AFI of males and females. This could be of greater 
importance when better more accurate methods of measuring AFV become 
available. 
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6.4.4 Amniotic fluid index-relationship with fetal weight 
Charles (Charles D et al 1965) reported that there was no obvious 
relationship between AFV and fetal weight and this seemed to be supported by the 
observation that AFV did not change significantly from 22 to 39 weeks GA despite 
an exponential increased in fetal size (Gilbert WM et al 1993). However Lind (Lind 
T et al 1972) found that AFV was closely related to fetal weight up to 300 g (about 
20 weeks GA) only. His finding was not applicable to the second and third 
trimester. But all these studies are complicated by the fact that they were looking at 
fetal growth and fetal weight at the same time. This study being restricted to a 
shorter period of gestation therefore was biased heavily in showing the relationship 
of fetal weight to AFV/AFI rather than fetal growth. 
This study showed that there is a relationship between AFI and EFW. As 
EFW increased, the AFI increased also (Fig. 26), although the correlation coefficient 
(R2 = 0.5%) was weak. From this slight relationship we can calculate that 1 kg of 
EFW corresponds to a 1.53 cm rise in AFI. This is calculated from the slope of the 
curve in Fig. 26. Also in Fig. 8 (from Didly GA et al 1992), we can calculate that an 
AFI of 1 cm corresponds to 66.7 ml of AFV. These can be translated into 1 kg of 
EFW represent 102 (= 1.53 x 66.7) ml of AFV. From this study, a population with 
larger EFW should have a larger AFI. 
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As there was a discrepancy between published western birth weights and 
AFV/AFI compared with this study, these relationships probably do not hold for all 
populations. It seems likely that Chinese fetuses should have more amniotic fluid 
per unit weight as they are both lighter and have larger AFI (and therefore AFV) 
than westem fetuses. And again: on the assumption that lower AFI is associated 
with IUGR, then a generally higher AFI is conversely associated with better health. 
Therefore Chinese babies are smaller but healthier. 
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6.4.5 Amniotic fluid index-relationship to parity 
Thomson (Thomson AM et al 1968，Chamberlain G 1979，Seidman DS et al 
1988) showed that birth weight increased with increasing birth order. Thus as 
gravidity or parity increased, the birth weight increased. It is known that during 
pregnancy, there is a enormous growth of the myometrium by increasing in the 
number of cells and hypertrophy of individual cells. Also there is an increased in 
blood supply to the uterus. Clayton (Clayton SG et al 1985) found that the 
progressive enlargement of the uterine blood supply could improve fetal growth. As 
the fetus is better fed the fetal weight increases accordingly. 
Catalano (Catalano PM et al 1995) showed that parity had correlation (R^ = 
0.08) with neonatal fat and the increase in BW was partially due to this. Thomson 
(Thomson AM et al 1968) noted that the second and subsequent babies grew 
faster than first babies and he suggested that the parity difference must be dictated 
by difference in the fetal environment eg. enhanced efficiency of the uterine 
circulation in second and subsequent pregnancies. 
This study has shown that gravidity and parity have significant effects on 
AFI in both sexes. The AFI increased as gravidity and parity increased in both sexes 
(Fig. 29-31). This relationship is stronger than the effect of gender or EFW and 
independent of either. The graphs relating EFW for males and females AFI (Fig. 29-
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31) showed that the correlation between EFW and AFI could not account for the 
effect of parity as the relationship between EFW and AFI remained parallel for 
primigravid and multigravid pregnancies but there was an almost 2 cm increase in 
AFI. This suggests a matemal factor that cannot be explained by our known 
mechanism. 
Therefore subsequent gravidity have greater AFI than the first gravidity no 
matter whether the fetus is male or female (p = 0.0325 in male and p = 0.0275 in 
female, which is less than 0.05). For a multigravida, the AFI in subsequent 
pregnancy are larger than the primigravida. 
There is no other study published in the literature on this relationship. 
Therefore this seems to be an original observation. However the mechanism of how 
the gravidity or parity affect the AFI needs further elucidation. 
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6.4.6 Relationship between gender, estimated fetal weight and 
amniotic fluid index 
Overall, there was no statistically significant difference (p = 0.497) in AFI 
between male and female fetuses. However the mean of AFI in male (15.3811 cm) 
was greater than female (15.0191 cm) and in certain centiles (20出，7ff\ 80 '^ and 90出 
centile) the males have a significantly larger AFI than the females. Therefore there 
appear to be some difference in AFI and therefore presumably AFV between males 
and females. 
Although EFW is related to AFI/AFV, this study also showed that there was 
no statistically significant difference in EFW between males and females (p value 
was 0.283). So the gender differences are independent of EFW, ie. EFW alone 
cannot be used to explain why male and female fetuses show slight difference in 
AFI. However, EFW is actually a volume measurement without incorporation of the 
density difference. Male fetuses are known to be more dense because of a greater 
fat-free mass than girls for the same volume (Catalano PM et al 1995). 
If we could incorporate such a density factor, then on the AFI against EFW 
graph (Fig. 45)，the male data would shift to the right. This indicates that for a 
higher relative mass, boys should have a higher AFV/AFI. This is in accordance 
with this study, and suggests that AFV may be more closely related to lean body 
mass than fetal weight. However, in this study there was also no significant 
difference between the birth weight of male and female neonates. Therefore the 
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findings of this study do not support the existence of increased male density. 
However this could be a racial characteristic. 
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Fig. 45 Hypothetical graph of AFI against true mass in male and female fetuses. 
Could the small difference in normal AFV between males and females 
explain the aetiology of sex predominance in certain disease? From our result the 
female fetus has a smaller AFVAFY. We know that is AFV not only a product of 
but is also important itself for normal fetal development. At the extremes of the 
distribution curve there may be more of one sex included in the extreme range than 
the other. For instance: when the AFV is small, the fetus may be unable to inspire 
sufficient amniotic fluid and therefore predispose to hypoplasia of the lungs and this 
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is known to be more common in females (Gray SW et al 1972). The amount of AFV 
may determine the freedom of the fetus to move inside the uterus. The lesser the 
amount, the more restricted is the fetus in exercising their limbs. This may 
predisposed to CDH (Sutton D 1987)，again in keeping with the hypothesis 
suggested. 
Conversely the smaller AFI/AFV may be a secondary, possibly matemal or 
matemo-fetal effect. It is known that IUGR is more common in female and is 
associated with oligohydramnios. Spinillo (Spinillo A et al 1994) postulated a sex-
related different biologic response to both known and unknown risk factors for fetal 
growth retardation. He confirmed that fetal gender played a role in IUGR by 
modulating the effect of several recognized risk factors, eg. matemal smoking, 
hypertension,, low matemal pregnancy weight and low body mass index. The risk 
factor hypertension is more common in females. This exaggerated response to 
abnormal factors by the female fetus may be present in a milder degree in normal 
pregnancies hence diminishing AFI. 
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6.4.7 Parity and cut-off points for oligohydramnios and polyhydramnios 
The most striking difference in AFI was found in the effect of parity. Here 
the variations in cut-off points are even greater than those found with gender (Table 
33andFig. 46). 





primipara 8.586 22.798 
multipara 8.390 24.220 
2SD 
primipara 5.532 22.468 
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Fig. 46 Comparison of cut-off points ofoligohydramnios and 
polyhydramnios in different parity. 
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These figures show that the figures, for practical purpose are similar in value 
for detection of oligohydramnios to those already discussed in 6.4.3.3. 
As this is an original observation there is no other data in the literature that 
with which these values can be compared. In addition this observation brings to 
question whether the differences found may have been due, in part, to the relative 
numbers of primipara and multipara in the previously reported studies. 
One can conclude that parity, gender, and EFW all have an effect, of varying 
magnitude, on AFV. 
Future studies should be designed to be aware of these facts. 
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6.4.8 Relationship of amniotic fluid volume to urinary function 
6.4.8.1 Introduction 
The balance of AFV is a complicated one with fetal swallowing as the major 
source of removal of amniotic fluid and fetal urine output as the source of 
production. 
It is difficult to study fetal swallowing and was not attempted in this study. 
However the fetal urine output can be revealed more easily. In this study, the hourly 
fetal urine flow rate in each fetus was not studied, but the random bladder volume in 
this large population was recorded instead. This can act as a rough indicator of urine 
volume flow. The fetal renal pelvicalyceal system was also measured to prevent 
including those hydronephrosis case, and gain a better understanding of the 
relationship between pelvicalyceal dilation and bladder volume. 
6.4.8.2 Major findings in the urinary tract 
Serendipitously there was a significant difference in bladder volume and 
renal pelvic diameters between the male and female fetuses. 
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The difference in bladder volume is due to a combination of maximal bladder 
capacity and the amount of urine stored in the bladder at the time of examination. 
Maximal bladder capacity 
Hedriana (Hedriana HL et al 1994) found no difference in 11 dead fetuses the 
bladder filling the maximum capacity but this was a very small number of fetuses 
(11). The BV he calculated was the maximum capacity of a passively filled bladder 
which may not reflect the actual physiological capacity of a live fetus. 
Fairhurst (Fairhurst JJ et al 1991)，Zerin (Zerin JM et al 1993)，and Treves 
CTreves ST et al 1996) have found that boys (average of 1855 subjects and age less 
than 14 years old) have a smaller capacity than girls. Hakenberg (Hakenberg OW et 
al 1983) reported that there was no difference but again in a smaller number of 
patients (43) only. 
Amount of urine stored 
Residual volumes are common in babies. Roberts (Roberts DS et al 1989) 
found 46% of babies had residual volume while Osbome (Osbome J et al 1977) 
found 94% of babies had residual volume. However, which sex has the greater 
residual is still debatable. Roberts (Roberts DS et al 1989) reported girls had larger 
residual BV (mean 2.4 ml) than boys (0.8 ml) but 0'Donnell (0'Donnell B et al 
1971) reported that larger residual BV were more common in infant boys. 
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The possible differences in residual volume would be important to know as 
this would have an effect on the lower limit of randomly measured volumes as in 
this study. One might expect that the group with the larger residuals would have a 
greater percentage of records at the volumes. This is in fact not the case with female 
fetuses in this study. 
As the fetal EFW increased, the bladder volume increased also. In this study, 
since a narrower band of gestational age was included, the Revalue was only 0.0124. 
This is further supported by Fairhurst (Fairhurst JJ et al 1991) and Treves (Treves 
ST et al 1996) studies in children. They found that as the weight of the children 
increased，the BV increased also. Treves found the R^ value for the relationship 
between BV and age alone was 0.678 while the Revalue for age，height and weight \ 
together was 0.683. 
This study showed that there was no relationship between bladder volume 
with gravidity and parity. That is the birth order did not affect the bladder volume as 
measured in this study. In summary, the factors that affected the size of the BV 
were: sex, age and weight (EFW) but not the birth order. 
The other serendipitous finding in this study was that the AP diameter of the 
renal pelvis was bigger in the male than in the female. Pelviureteric junction 
obstruction (PUJO) is most commonly found on the left side and in males rather 
than females. This study showed that the collecting system was slightly larger in 
males. The hypothesis that PUJO may be the extreme end of a spectrum of 
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asymmetric size variation rather than a discrete entity in its own right was tested by 
looking for differences between the left and right sides. Such a difference could not 
be demonstrated indicating that PUJO is more likely to be a discrete abnormality, 
although there may be some relation to the tendency for males to have a larger AP 
diameter (p.l04). 
6.4.8.3 Bladder volume and amniotic fluid index 
It was found that a weak relationship can be established between AFI and 
BV. Therefore the bladder volume was different between male and female but the 
AFI showed no overall difference between them. 
Firstly, assuming that swallowing and other factors (eg. the 
transmembranous route etc) are stable and secondly, assuming that the overall 
bladder volume is proportional to urine flow, and urine flow directly proportional to 
AFI, males should have a smaller AFI than females. The opposite is however the 
case, therefore the simple assumptions cannot be true (either or both). 
155 
These findings are currently inexplicable in relation to AFV/AFI, but are 
presented as an original observation of fetal urinary system gender difference, that 
obviously point to fundamental difference in male and female urinary tract 
physiology. This may explain, in part, some differences in predisposition to 
neonatal urinary tract disease. 
Adding further weight to the possibility that urine flow may differ in the 
sexes was the observation that the pelvicalyceal diameters also differed but inversely 
in relation to the bladder volume. The difference in AFI between male and female 
fetuses are much smaller than the difference in magnitude between male and female 
bladder volume. This suggests that either the urine flow rate is different in male 
and female fetuses or that the flow rate is the same but the residual volume is 
different and larger in female fetuses (which agrees with Roberts DS et al 1989) but 
cannot be supported by the findings in this study suggesting males have a larger 
residual which agrees with 0'Donnell (0'Donell B et al 1971). A further possibility 
is that the amniotic fluid reduction factors differ between male and female fetuses. 
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Chapter 7 Conclusions 
The normal range for AFI in Hong Kong Chinese mothers was established 
overall and for each gender individually. 
Compared with the published data there were significant differences with the 
study data showing a greater volume of amniotic fluid in Chinese than in the westem 
published data. 
These differences were not the result of an increase in low birth weight 
babies despite the fact that these Chinese babies had an overall lower birth weight 
than westem series. It was taken to indicate a greater level of fetal health in the 
Hong Kong mothers. 
\ 
A small significant difference in AFI between male and female could be 
demonstrated statistically at the extreme ends of the distribution curve. This was an 
original observation. 
There was a weak direct relationship between the estimated fetal weight and 
AFI. 
There was a surprisingly strong relationship between parity and AFI. This 
was an original observation. 
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Cut-off points for oligohydramnios were discussed and found to concur in 
practical considerations with westem suggestions. 
Cut-off points for polyhydramnios need some adjustment particularly in 
relation to parity and gender. 
Relationships between the measurements of the bladder volume and AFI did 
not prove fruitful but further serendipitous original observations were made on the 
fetal urinary tract where it was found that male and female fetal urinary physiology 
may not be identical. 
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